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1.0  INTRODUCTION 

1.1  Background  and  General 

The  goal  of  the  Ontario  Ministry  of  the  Environment  (MOE),  with 
respect  to  surface  water  quality  management  is  "to  ensure  that  the 
surface  waters  of  the  Province  are  of  a  quality  which  is  satisfac- 
tory for  aquatic  life  and  recreation"  (MOE,  1984).  As  part  of  its 
mandate,  the  MOE  is  responsible  for  reviewing  and  approving  appli- 
cations to  allow  industries  and  municipalities  to  discharge  efflu- 
ent into  receiving  water  bodies.  Part  of  the  approval  process 
involves  an  assessment  of  existing  point  and  non-point  sources  of 
pollutants,  and  historical  flow  records  to  determine  the  study 
area's  wasteload  allocation  (WLA).  The  present  WLA  methodology 
involves  defining  critical  low  flows  (for  example,  the  hydrologi- 
cally-based  design  flow  7Q20  -  the  7-day  average  low  flow  occurring 
once  in  20  years)  which  are  used  to  measure  the  waste  assimilative 
capacity  of  water  bodies  in  order  to  meet  Ontario  Water  Quality 
Objectives. 

The  MOE  in  conjunction  with  Gumming  Cockburn  Limited  (CCL)  has 
initiated  this  research  study  to  investigate  the  merit  of  the 
existing  design  low  flow  methodology. 

This  research  study  is  based  on  methodology  developed  as  a  result 
of  a  policy  initiative  of  the  United  States  Environmental  Protec- 
tion Agency  (U.S.  EPA,  1985)  which  involves  the  application  of  bio- 
logical and  chemical  assessment  techniques  to  control  toxic  pollu- 
tion. The  technique,  developed  by  the  Office  of  Research  and 
Development,  incorporates  a  two-number  aquatic  life  water  quality 
criteria  (WQC).  The  two-number  WQC  defines  the  duration  and  fre- 
quency of  low  flows  and  concentrations  which  may  result  1n  acute  or 
chronic  toxicity  levels  in  aquatic  life. 


2.0  HYDROLOGICALLY-BASED 
LOW  FLOW  DESIGN  METHOD 


2-1 

2.0  HYDROLOGICALLY-BASED  DESIGN  FLOW  METHOD 

2.1  Background  and  Rationale 

The  conventional  methodology  used  to  determine  design  low  flows  for 
wasteload  allocation  purposes  has  involved  the  application  of  a 
statistical  technique,  which  may  indirectly  account  for  biological 
factors  or  toxicity  levels  affecting  aquatic  life.  However,  few 
previous  investigations  have  attempted  to  develop  a  rigorous  basis 
for  the  MOE's  current  design  criteria  (the  7Q20  flow  -  seven-day 
low  flow  occurring  once  in  twenty  years  (e.g.  Logan,  L.)).  On  the 
other  hand,  it  is  known  that  use  of  7Q20  is  conservative  rolative 
to  other  design  standards  (7Q]_o  in  the  United  States).  Therefore, 
there  is  still  some  uncertainty  in  regard  to  the  stringency  of  the 
current  criterion  (i.e.  whether  it  is  too  conservative  or  not 
conservative  enough). 

2.2  Extreme  Value  Analysis 

The  determination  of  hydrological ly-based  design  low  flows  involves 
the  application  of  extreme  value  analysis.  At  a  gauged  location, 
average  low  flows  can  be  determined  for  selected  durations  of  time 
for  each  year  of  record.  A  statistical  distribution  and  associated 
parameters  are  then  used  to  represent  the  observed  low  flow 
characteristics.  For  example,  the  corresponding  minimum  average 
consecutive  7-day  low  flow  can  be  determined  for  each  annual 
record.  The  series  of  7-day  average  annual  low  flows  can  then  be 
.ranked  lowest  to  highest  and  an  extreme  value  analysis  undertaken 
using  an  appropriate  theoretical  distribution. 

Previous  investigations  have  found  that  the  Gumbel  III  distncution 
has  resulted  in  the  best  fit  for  extreme  value  analysis  of  low 
flows  on  most  Canadian  rivers  (Condie  and  Nix,  1975).  However,  as 
is  noted  in  a  recent  low  flow  study  (CCL,  1988)  and  by  Condie  and 
Chang  (1987),  stations  with  large  negative  skewness  are  better 
fitted  using  the  three-parameter  log  normal  distribution. 
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The  hydrologically-based  design  flows  used  for  comparison  purposes 
in  this  report  are  from  the  results  of  the  low  flow  study  under- 
taken by  Gumming  Cockburn  Limited  (CCL,  1988).  A  more  detailed 
description  of  the  extreme  value  analysis  methodology  used  in  this 
report  is  provided  in  Appendix  B. 
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3.0  BIOLOGICALLY-BASED  LOW  FLOW  DESIGN  METHOD 

3.1  Background  and  Rationale 

The  U.S.  EPA  has  undertaken  a  policy  initiative  which  involves  the 
application  of  biological  and  chemical  assessment  techniques  to 
control  toxic  pollution.  They  have  identified  two  important  fac- 
tors which  must  be  accounted  for  when  considering  the  effects  of 
toxicity  on  aquatic  life:  the  duration  of  adverse  exposure  and  the 
frequency  with  which  criteria  are  exceeded. 

EPA's  methodology  for  considering  biological  factors  for  wasteload 
allocation  calculations  may  be  summarized  as  follows: 

"Aquatic  impacts  are  a  function  not  only  of  magnitude, 
but  also  of  duration  and  frequency  with  which  criteria 
are  exceeded.  EPA's  recommended  criteria  for  both  indi- 
vidual toxicants  and  whole-effluent  toxicity  are  speci- 
fied as  two  numbers:  the  criteria  continuous  concentra- 
tion (CCC),  applied  as  a  four-day  average  concentration; 
and  the  criteria  maximum  concentration  (CMC),  applied  as 
a  one-hour  average  concentration.  The  frequency  with 
which  criteria  are  allowed  to  be  exceeded  depends  on 
site  factors"  (U.S.  EPA,  1985). 

The  allowed  exceedances  are  intended  to  be  small  enough  and  far 
enough  apart,  on  the  average,  that  the  resulting  small  stresses  on 
aquatic  organisms  will  not  cause  unacceptable  effects,  except  in 
those  cases  when  a  drought  itself  would  cause  unacceptable  effects 
(U.S.  EPA,  1986). 

3.2  Procedure 

The  biologically-based  design  flow  method  was  developed  for  appli- 
cation of  the  CMC  and  CCC  for  specific  pollutants  or  whole  efflu- 
ents for  performing  a  wasteload  allocation  using  steady  state 
modelling.   In  the  U.S.  the  EPA  water  quality  criteria  consists  of 
three  components;  magnitude,  duration  and  frequency.  For  each 
pollutant  two  levels  of  protection  are  developed".  These  levels  of 
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protection  are  based  on  acute  effects  and  chronic  effects. 
Magnitude,  duration  and  frequency  are  then  recommended  for  each 
level  of  protection. 

Since  steady-state  modelling  assumes  that  the  concentration  of 
pollutants  in  effluents  and  the  flow  of  the  effluent  to  be  con- 
stant, it  follows  that  the  concentration  of  a  pollutant  within  the 
stream  (downstream  of  the  effluent  discharge)  can  be  inversely 
proportional  to  stream  flow.  Concentrations  of  pollutants  in 
streams  may  then  be  considered  in  terms  of  intensity,  duration  and 
frequency,  the  same  components  used  in  determining  water  quality 
criteria. 

The  biologically-based  calculation  model  then  makes  full  use  of 
durations  and  frequencies  that  are  determined  from  laboratory 
toxicity  data.  Maximum  durations  are  specified  for  protection 
against  acute  (short  term)  effects  and  for  protection  against 
chronic  (long  term)  effects. 

To  protect  against  acute  effects  the  duration  must  be  set  at  as 
short  a  time  period  as  practicable.  The  EPA  recommends  a  one-hour 
averaging  duration  period  for  the  QcmC*  ^°^  ^°^^   streams  the 
variation  in  flow  from  one  hour  to  the  next  is  small.  For  streams 
which  are  regulated,  such  as  those  affected  by  hydroelectric  or 
irrigation  projects,  hour  to  hour  variations  may  be  very  large 
requiring  the  use  of  hourly  flow  data.  It  should  be  noted  that 
the  model  assumes  that  both  pollutant  concentrations  and  effluent 
flows  are  constant  when  in  fact  they  may  vary  significantly  from 
one  hour  to  the  next  and  under  those  conditions  the  duration 
should  then  be  reduced. 

To  protect  against  chronic  effects  the  duration  must  be  short 
enough  to  maintain  the  concentration  at  or  below  the  CCC  over  the 
time  period  but  long  enough  to  allow  some  excursions  above  the  CCC 
without  detrimental  effects  on  the  aquatic  community.  From  exten- 
sive chronic  toxicity  tests  on  single  parameters  as  well  as  on 
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whole  effluents  the  U.S.  EPA  concluded  that  after  four  days 
impacts  on  aquatic  test  organisms  began  to  occur.  The  maximum 
period  in  which  the  exposure  period  should  not  exceed  the  CCC  was 
then  set  at  4  days.  The  CCC  duration  may  be  altered  to  more 
accurately  reflect  the  concentration  variations  within  the  stream 
and  effluent.  If,  for  example,  low  variability  of  concentrations 
in  receiving  waters  can  be  demonstrated  then  longer  averaging 
periods  can  be  specified. 

The  frequency  at  which  an  exceedance  may  occur  is  determined  after 
examining  the  severity  of  the  expected  biological  Impact.  An 
aquatic  community  which  is  not  accustomed  to  criteria  exceedances 
can  withstand  an  exceedance  better  than  a  community  which  is  con- 
stantly being  subjected  to  toxicants  at  concentrations  exceeding 
criteria.  From  biological  recovery  studies  it  was  found  that  when 
previously  unstressed  systems  were  subjected  to  small  events,  the 
recovery  time  ranged  from  a  few  months  to  a -couple  of  years  for 
complete  recovery  (Larimore  et  al ,  1959;  Berra  and  Gunning,  1970; 
Frey,  1973,  1974;  Schott,  1980,  1981,  1982,  1983;  Collier,  1981; 
Carlson,  1984).  For  unstressed  systems  it  was  sufficient  to  set 
the  frequency  at  one  event  occurring  every  three  years.  For  sys- 
tems which  were  under  stress  from  major  spills,  large  areas  of 
impact  relative  to  the  size  of  the  water  body  or  long  time  periods 
of  exposure,  the  recommended  frequency  should  then  be  reduced  to 
once  every  four  or  more  years.  Although  a  comnunity  may  be  able 
to  recover  from  a  major  stress  in  less  than  three  years,  the 
community  which  is  severely  stressed  every  few  years  would  be  1n 
constant  state  of  recovery  and  would  not  be  able  to  reach  its  full 
potential,  in  terms  of  abundances  and  diversity  of  species.  Also, 
a  community  which  1s  recovering  from  a  major  stress  1s  similar  to 
a  very  young  community  and  is  more  vulnerable  to  repeat  Impacts. 
With  subsequent  stresses  the  community  takes  longer  to  fully 
recover.  A  longer  return  frequency  should  also  be  considered  if 
there  is  a  locally  important  aquatic  species  present  which  may  be 
affected  by  the  expected  impact. 
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In  addition  to  the  frequency  of  spills  that  may  occur,  impacts  may 
be  caused  by  normal  variations  in  effluent  composition,  concentra- 
tions and  dilution  flow.  The  occurrence  of  low  stream  flow  and 
high  effluent  concentration  can  be  predicted  and,  therefore, 
modelled.  The  number  of  effluent  discharges  into  a  particular 
stream  must  also  be  taken  into  account.  If  one  discharge  exceeds 
the  criteria  because  of  low  flow  then  the  other  discharges  are 
likely  to  also  exceed  the  criteria.  For  one  discharge  the  exceed- 
ance  may  seem  to  be  a  minor  stress  but  altogether  the  exceedances 
may  add  up  to  a  major  stress.  When  using  steady  state  models,  the 
U.S.  EPA  recommends  the  use  of  1Q5  and  7Q5  as  CMC  and  CCC  design 
flows  for  unstressed  systems,  and  IQIO  and  7Q10  for  stressed  sys- 
tems. For  the  biologically  based  low  flow  model  the  one  hour 
average  should  not  exceed  the  CMC  more  than  once  every  three  years 
on  the  average  and  the  four  day  average  concentration  should  not 
exceed  the  CCC  more  than  once  every  three  years  on  the  average. 

3.3    Calculation  of  Biologically-Based  Low  Flow 

3.3.1  Computational  Procedure 

The  two-number  water  quality  criteria  are  in  an  intensity- 
duration-frequency  format.  The  intensity  corresponds  to  the  cri- 
teria concentrations,  the  duration  as  the  averaging  periods  of 
flow,  and  the  frequency  as  the  allowed  number  of  excursions 
occurring  within  the  period  of  record. 

The  averaging  periods  are  one  hour  for  the  Qcmc  ^"^  ^o"""  ^^^^ 
for  the  Occc*  Unfortunately,  most  flow  records  that  are 
available  generally  consist  of  one-day  average  flows,  and  as  a 
result,  the  calculation  of  the  CMC  design  flows  must  be  carried 
out  based  on  one-day  averages,  rather  than  one-hour  averages. 
This  should  not  introduce  significant  error  into  the  results  since 
naturally  occurring  low  flows  of  receiving  streams  are  usually 
very  similar  from  one  hour  to  the  next. 
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The  biologically-based  design  flow  computational  procedure 
consists  of  five  parts,  and  follows  an  iterative  convergence 
procedure.  The  biological  low  flow  is  emperically  derived  and 
represents  an  actual  observed  flow.  Essentially  the  five  steps 
may  be  summarized  as  follows: 

1)  Calculation  of  the  allowed  number  of  excursions  based  on 
design  criteria 

2)  Calculation  of  the  X-day  running  averages  of  streamflow 

3)  Determination  of  the  number  of  excursions  of  a  specified 
flow  in  a  set  of  running  averages 

4)  Initiation  of  iterative  computational  procedure  by  defining 
Initial  limits  of  design  flow  and  the  initial  seed  trial 
flow 

5)  Iterative  convergence  of  computations  to  the  biologically- 
based  design  flow 

A  more  detailed  explanation  of  the  Biologically-based  Design  Flow 
computational  procedure  is  provided  in  Appendix  C. 

The  CMC  and  CCC  concentrations  are  applied  to  flow  periods  which 
are  determined  based  on  the  following  biological  criteria: 

1)  frequency  of  occurrence  of  once  in  three  years  on  average 

2)  design  flows  should  not  be  unnecessarily  influenced  by 
droughts  which  occur  over  long  durations  (i.e.  the  maximum 
number  of  exceedances  of  the  design  flow  is  limited  for  each 
period  of  120  days  -  although  droughts  do  severely  stress 
aquatic  ecosystems  due  to  low  flows  and  high  concentrations, 
many  ecosystems  can  recover  within  a  period  of  15  years.  As 
a  result,  the  maximum  number  of  exceedances  which  can  occur 
over  a  drought  period  is  5  (which  corresponds  to  an  average 
of  one  occurring  every  three  years). 
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3.3.2  DFLOW  Computer  Program 

A  computer  model  entitled  DFLOW  has  been  acquired  from  the  U.S. 
EPA  and  modified  by  Gumming  Cockburn  Limited.  The  modified  model 
(renamed  DLOWFLOW)  permits  interactive  and  batch  operations  to 
determine  biologically  and  hydrologically-based  low  flows  for 
hydrometric  data  collected  on  Ontario  rivers.  Details  of  the 
computer  program  and  input  file  structure  are  provided  in  Appendix 
D. 

Figure  3.1  is  a  flow  chart  showing  the  computational  procedure 
used  in  the  computer  model  for  identifying  periods  where  observed 
flows  exceed  the  biologically  defined  low  flows.  It  is  important 
to  note  that  the  method  is  emperical,  because  computations  are 
made  using  the  actual  flow  record  itself.  It  must  be  emphasized, 
therefore,  that  a  statistical  distribution  is  not  used  to  describe 
the  flow  record. 
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4.0  DEVELOPMENT  OF  A  BIOLOGICALLY-BASED  LOW  FLOW  MODEL  FOR  ONTARIO 

4.1  General 


The  biologically-based  low  flow  model  was  developed  to  use  the 
U.S.  ERA'S  two  number  system  of  aquatic  water  quality  criteria 
(WQC)  to  calculate  flows  for  wasteload  allocation.  The  current 
Ontario  Provincial  Water  Quality  Objectives  identify  pollutant 
concentration  values  which  must  not  be  exceeded  at  any  time  for 
the  protection  of  aquatic  life.  This  represents  a  fundamental 
difference  to  the  U.S.  methodology,  which  identifies  an  acceptable 
magnitude,  duration  and  frequency  of  pollutant  concentrations  that 
can  occur,  yet  will  still  permit  a  resilient  aquatic  biota  in  the 
river  system. 

One  of  the  goals  of  this  study  is  to  identify  appropriate  duration 
and  frequency  periods  such  that  aquatic  biota  in  Ontario  waters 
can  retain  their  resiliency.  In  order  to  develop  a  duration  and 
frequency  format  for  Ontario  rivers  to  be  incorporated  into  the 
biologically  defined  low  flow  model,  one  representative  parameter 
was  initially  considered.  The  pollutant  selected  was  ammonia 
since  there  was  a  substantial  existing  body  of  data  on  its  occurr- 
ence and  toxicity.  However,  during  evaluation  of  the  biologically 
defined  model,  it  became  apparent  that  the  performance  of  the 
model  was  independent  of  a  specific  pol lutant(s). 

The  following  section  discusses  acute  and  chronic  toxicity  with 
respect  to  the  Impact  on  biota  resiliency.  References  and 
conclusions  regarding  the  effects  of  ammonia  on  aquatic  biota  are 
based  on  the  literature  review  detailed  in  Appendix  I. 
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4.2    Acute  and  Chronic  Toxicity  and  Their  Relationship  with 
Biologically  Based  Low  Flows 

The  biologically-based  low  flow  model  incorporates  two  important 
functions  from  the  EPA's  two  number  water  quality  objective,  name- 
ly; the  duration  of  adverse  exposure  and  frequency  with  which 
exposures  exceed  the  criteria.  The  frequency  of  exposure  can  be 
chosen  with  best  judgement  of  how  often  a  population  can  be  reduc- 
ed without  affecting  its  resiliency.  The  duration  is  a  set  period 
of  time  over  which  average  concentrations  or  flow  conditions  can- 
not be  exceeded. 

Water  quality  objectives  specify  how  much  of  a  specific  pollutant 
is  permitted  in  the  surface  waters  of  the  Province.  The  concen- 
trations for  protection  of  chronic  effects  and  acute  effects  are 
determined  according  to  toxicity  tests  using  aquatic  organisms. 

Toxicity  tests  measure  concentrations  of  chemicals,  singly  or  as 
whole  effluents,  that  cause  lethal  or  chronic  effects  over  a 
specified  testing  period.  An  acute  toxicity  test  measures  the 
response  of  a  test  organism  observed  during  a  short  period  of 
time,  usually  96  hours  or  less.  If  the  observed  effect  is 
mortality  then  one  can  determine  the  concentration  at  which  50%  of 
the  test  organisms  are  killed  (LC50). 

Chronic  toxicity  tests  measure  the  response  of  a  test  organism 
over  a  longer  period  of  time.  The  period  of  time  is  relative  to 
the  lifespan  of  the  organism  being  tested.  A  chronic  effect  may 
be  lethality,  reduced  reproduction,  morphological  or  physiological 
changes. 

Toxicity  criteria  are  expressed,  therefore,  as  two  concentrations 
so  that  effluent  criteria  can  more  accurately  consider  toxicologi- 
cal  factors.  The  lower  concentration  is  called  the  Criterion 
Continuous  Concentration  (CCC)  and  the  higher  concentration  is 
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called  the  Criterion  Maximum  Concentration  (CMC).  Chronic  effect 
concentration  (CCC)  can  be  exceeded  for  a  relatively  short  period 
of  time  with  no  adverse  effect  so  long  as  the  CMC  is  not  exceed- 
ed. 

The  period  of  time  over  which  measurement  of  the  pollutant  within 
the  water  body  may  be  averaged  for  comparison  with  the  specified 
magnitude  criteria  is  referred  to  as  the  duration  component.  The 
duration  is  determined  according  to  how  long  the  exposure  concen- 
tration can  be  above  the  criterion  continuous  concentration  with- 
out affecting  either  survival  in  the  acute  toxicity  tests  or 
behaviour,  growth  and/or  reproduction  in  chronic  toxicity  tests. 

The  frequency  of  exceedances  of  the  criteria  without  unacceptably 
affecting  the  community  is  based  on  the  aquatic  communities  pres- 
ent within  the  water  body  and  their  ability  to  recover  from 
exceedances. 

In  determining  water  quality  criteria  the  use  of  various  species 
are  recommended  as  different  species  exhibit  different  sensitivi- 
ties. A  range  of  sensitivities  for  various  species  is  then 
assessed.  As  a  result,  the  development  of  water  quality  objec- 
tives is  based  more  on  the  identification  of  the  most  sensitive 
exposure  than  the  most  sensitive  species.  In  developing  water 
quality  criteria,  the  Ontario  MCE  recommends  the  use  of  at  least  3 
different  fish  species  including  at  least  one  coldwater  species 
and  one  warm-water  species,  at  least  two  different  invertebrate 
species,  one  of  which  must  be  a  crustacean  and  at  least  one  algal 
or  aquatic  plant  species  in  toxicological  testing.  It  1s  not 
necessary  to  use  indigenous  species  since  the  use  of  the  most 
sensitive  test  species  will  likely  exhibit  a  greater  sensitivity 
to  the  chemical(s).  As  long  as  the  concentration  at  which  there 
is  no  effect  to  the  test  species  Is  not  exceeded  then  the 
indigenous  biota  will  be  protected. 
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The  duration  for  acute  effects  has  been  recommended  as  a  one  hour 
averaging  period  regardless  of  the  parameter  in  question.  For  use 
in  the  biologically-based  model  a  duration  of  1  day  will  be  used 
since  extended  flow  records  are  typically  available  in  only  one 
day  average  flows.  In  addition,  routine  water  quality  data  is 
available  as  one  sample  per  day  for  a  specific  day.  The 
concentrations  of  ammonia  in  a  water  body  can  vary  as  a  result  of 
variations  in  loadings  (sources)  and  stream  flow.  Aquatic 
organisms  would  then  experience  fluctuating  exposures  rather  than 
a  constant,  steady  exposure. 

The  question  is  then  whether  the  organisms  are  more  sensitive  to 
fluctuating  concentrations  than  constant  concentrations.  In  the 
case  of  ammonia,  the  acute  response  of  some  fish  to  ammonia  can  be 
very  rapid.  In  studies  using  green  sunfish  and  rainbow  trout,  3 
hour  LCSO's  were  reported  to  be  0  to  50%  higher  than  96  hour 
LCSO's  (McCormick  et  al ,  1984;  Ball,  1967).  In  both  cases  delayed 
mortalities  were  not  considered.  Delayed  mortalities  would  result 
in  a  reduction  in  the  duration  of  exposure.  The  duration  period 
must  be  defined  appropriately  such  that  the  concentration  of  a 
pollutant  is  maintained  at  or  below  the  CMC  for  most  of  the 
specified  time  period.  If  the  averaging  period  is  too  long, 
significant  excursions  over  the  CMC  could  occur  for  an  appreciable 
fraction  of  the  averaging  period,  which  could  result  in 
mortality.  For  example,  in  the  case  of  ammonia,  it  is  possible 
that  an  averaging  period  of  3  hours  would  allow  for  concentrations 
of  1  to  2  hours  duration  to  exceed  the  CMC  resulting  in 
mortalities.  The  effects  of  simple  exposures  of  shorter  duration 
are  unknown  (EPA  1985).  It  is,  therefore,  recommended  that  the 
criteria  based  on  acute  effects  cannot  be  averaged  over  any 
appreciable  period  of  time  without  seriously  impacting  the 
community  present. 

Studies  on  acclimation  and  fluctuating  ammonia  concentrations  also 
support  the  use  of  very  short  averaging  periods  for  the  QCMC. 
Thurston  et  al  (1981a)  found  rainbow  trout  exposed  to  fluctuating 
ammonia  concentrations  were  slightly  less  tolerant  than  when 
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exposed  to  constant  concentrations  when  based  on  the  average  con- 
centration. Brown  et  al  (1969)  found  that  the  more  frequent  the 
fluctuations  in  concentration,  the  less  tolerant  rainbow  trcut 
were.  This  suggests  that  even  a  one  hour  average  may  be  too  long 
a  duration  for  averaging  if  there  is  the  possibility  for  excur- 
sions to  occur  above  the  average  within  the  hour. 

The  EPA  (1985)  recommends  that  the  one  hour  average  is  not  applic- 
able to  situations  where  concentrations  exceed  1.5  times  the  aver- 
age within  the  one  hour  period.  The  1.5  factor  was  based  on  such 
an  excursion  being  acceptable  based  on  the  fluctuating  exposure 
studies  mentioned  above,  with  no  evidence  that  greater  excursions 
are  tolerable. 

Unfortunately,  most  archived  hydrometric  data  available  in  the 
Province  are  in  daily  averages.  The  above  research  indicates  that 
the  CMC  should  be  applied  using  a  1  hour  duration  period.  It  may 
appear,  as  a  result,  that  inadequate. data  are  available  for  defin- 
ing the  OcMC-  Strictly  speaking  this  is  the  case,  however,  if 
one  considers  the  nature  of  low  flows  in  the  Province,  only  very 
minor  variations  occur  in  flows  occurring  during  low  flow  sequen- 
ces. As  a  result,  the  inherent  error  in  using  daily  flow  averages 
to  define  the  Qcmc  is  likely  insignificant. 

The  duration  for  chronic  effects  is  determined  from  chronic  toxic- 
ity tests  for  each  parameter.  The  intent  of  a  short  duration 
(I.e.  4  day  average)  as  opposed  to  a  longer  period  (I.e.  30  day 
average),  which  Is  more  reflective  of  the  duration  of  tests  summ- 
arized in  Appendix  E  (1),  is  to  prevent  the  occurrence  of  concen- 
trations that  would  substantially  exceed  the  criterion  concentra- 
tion for  a  substantial  fraction  of  the  longer  period.  A  longer 
period  though  may  be  considered  if  limited  variability  in  the 
pollutant  concentration  in  the  effluents  and  the  background  water 
body  can  be  demonstrated.  For  the  Ontario  rivers  under  consider- 
ation, the  variability  of  un-lonlzed  ammonia,  for  example,  was 
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significantly  higher  within  a  river  than  between  river  systems 
(see  Appendix  G).  As  high  variability  in  the  un-ionized  anmonla 
data  set  was  present  in  the  rivers,  a  longer  averaging  period  than 
4  days  could  not  be  recommended. 

Studies  on  chronic  effects  also  support  the  use  of  a  short  averag- 
ing period  for  the  CCC.  Rice  and  Bailey  (1980)  studied  the 
effects  of  prolonged  exposure  (up  to  61  days)  to  ammonia  of  pink 
salmon  early  life  stages.  They  found  that  adverse  effects  on 
growth  increased  with  increase  in  exposure.  Reichenbach-Kl inke 
(1967)  found  that  the  growth  of  rainbow  trout  fry  was  inhibited 
and  their  resistance  to  disease  was  lessened  when  exposed  to  low 
concentrations  of  un-ionized  ammonia  for  one  week  periods.  For 
cold  water  species  exposure  to  very  low  concentrations  of  un- 
ionized ammonia  for  periods  ranging  from  8  weeks  to  under  30  days 
resulted  in  chronic  effects  including  macroscopic  malformations, 
hyperplasia  and  retardation  in  early  growth  and  development 
(Samylin,  1969;  Fromm,  1970;  Burkhalter  and  Kaya,  1977;  Thurston 
et  al,  1978). 

It  appears  that  fish  will  avoid  ammonia  concentrations  which  are 
fatal  (Summerfelt  and  Lewis,  1967)  but  will  not  avoid  chronic 
levels  of  ammonia  (Westlake  and  Lubinski,  1976).  Exposure  to 
chronic  concentrations  of  ammonia  for  even  periods  of  four  days 
resulted  in  measurable  effects  (Jude,  1973;  Westlake  and  Lubinski, 
1976).  Long  term  effects  were  not  noticed  for  the  short  duration 
periods.  To  protect  against  chronic  effects  it  is  recommended 
that  the  duration  for  the  CCC  be  a  four  day  averaging  period. 
Where  large  diurnal  fluctuations  in  un-ionized  ammonia  concentra- 
tion can  be  demonstrated  it  is  recommended  that  the  maximum  daily 
concentration  be  applied  in  waste  load  allocation  when  used  in 
calculation  of  the  4  day  averaging  period  as  chronic  effects  may 
be  better  correlated  to  maximum  daily  concentrations  rather  than 
mean  concentrations  (Soderberg  et  al ,  1983). 
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A  detailed  description  of  the  biological  considerations  with  res- 
pect to  amnonia  and  its  toxicity  is  provided  in  Appenaix  I.  A 
typical  waste  load  allocation  may,  therefore,  consis:  of  the 
fol lowing: 

Where  available,  PWQO's  or  PWQG's  would  be  used  as  allowable  maxi- 
mum concentrations  to  apply  to  the  biologically  designed  low 
flows.  In  the  absence  of  provincial  water  quality  criteria,  pub- 
lished toxicity  values  for  single  chemicals  would  be  used.  For 
complex  industrial  effluents,  the  toxicity  must  be  measured  on  a 
case-by-case  basis,  and  lethality  expressed  as  a  percent  (7.)  vol- 
ume of  the  total  sample.  Data  required  after  development  of  the 
biologically  designed  low  flow  model  would  consist  of  effluent 
concentrations  so  exceedances  of  provincial  water  objectives  could 
be  determined.  An  example  of  waste  load  allocation  using  the  two 
methodologies  is  provided  in  Appendix  J. 

4.3   General  Conclusions  on  Design  Flow  Durations  and  Frequencies  for 
the  Province  of  Ontario 

The  biological  low  flow  model  can  be  applied  to  a  r:\ier   system, 
independent  of  pollutant  considerations.  Since  effluent  toxicity 
or  concentration  is  applied  to  the  biologically  defined  low  flow 
as  a  base  concentration  in  waste  load  allocation,  the  aquatic  sys- 
tem will  retain  resiliency  providing  river  flow  characteristics 
satisfy  the  frequency  and  duration  required  by  the  biological  low 
flow  model . 

To  date  little  or  no  field  data  are  available  regarding  chronic 
toxicity  following  spills  (D.  Dodge,  MNR,  Pers.  Comm.).  The 
length  of  time  required  for  aquatic  life  to  recover  from  chemical 
exposure  is  highly  site  specific.  The  rate  of  recovery  is  depen- 
dent on  the  species  present,  their  abundance,  length  of  exposure, 
maximum  exposure  concentrations,  number  of  refuge  areas,  etc. 
Until  additional  research  and  data  are  collected  with  regard  to 
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these  factors,  the  research  carried  out  in  this  study  indicates 
that  the  duration  and  frequency  time  periods  specified  by  the  EPA 
are  the  most  appropriate  for  river  systems  in  Ontario. 

Therefore,  based  on  the  literature  review  of  the  toxicity  of 
ammonia,  and  its  general  applicability  to  other  pollutants,  the 
findings  provide  support  for  use  of  EPA's  definitions  of  duration 
and  frequency  (4  day,  3  year  for  chronic  design  flow,  QccCJ  1 
day,  3  year  for  acute  design  flow,  Ocmc)* 


5.0  EVALUATION  OF  BIOLOGICALLY- 

AND  HYDROLOGICALLY-  DEFINED 
LOW  FLOWS  FOR  RIVERS  IN  ONTARIO 
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5.0  APPLICATION  OF  BIOLOGICALLY-BASED  LOW  FLOW  METHOD  TO  RIVERS  IN 
ONTARIO 

5.1  General 


This  section  sumnarizes  the  results  of  applying  the  biological  low 
flow  methodology  to  hydrometric  data  collected  In  the  Province  of 
Ontario.  Qcmc  ^^^  QCCC  I'lows  are  calculated  and  compared  to 
hydrological ly  defined  low  flows.  Conclusions  are  drawn  regarding 
the  merit  of  the  existing  7Q20  hydrological ly  defined  design  low 
flow  with  respect  to  the  biological  considerations  and  incorpora- 
ting the  general  concepts  of  reliabi"  ty,  resiliency  and  vulner- 
ability of  rivers  to  excursions  from  water  quality  objectives. 


5.2    Data  Set 


The  data  set  initially  considered  in  the  study  consisted  of 
hydrometric  data  from  39  hydrometric  stations  operated  by  Water 
Survey  of  Canada  and  water  quality  data  collected  at  or  near  the 
hydrometeric  stations  by  MOE.  For  evaluation  of  the  biologically- 
based  low  flow  method,  only  the  hydrometric  data  was  required. 
Some  of  the  stations  in  the  original  data  set  were  found  to  have 
less  than  10  years  of  hydrometric  information  available,  and 
hence,  were  considered  inappropriate  for  establishing  conclusive 
low  flow  characteristics.  As  a  result,  the  acute  and  chronic 
design  flows  were  determined  for  the  30  hydrometric  stations 
listed  In  Table  5.1. 

Streamflow  data  for  the  30  hydrometric  stations  were  assembled 
from  the  archives  of  the  Water  Survey  of  Canada.  Daily  average 
streamflow  values  were  used  in  the  analysis  for  determination  of 
both  the  chronic  and  acute  design  flows.  Details  regarding 
characteristics  of  the  hydrometric  stations  are  provided  in 
Appendix  H. 


Table  5.1   Hydrometric  Stations  Used  in  the  Study 


River  Name 

Hydrometric 
Station  No. 

Analysis 
Period 

1   Neebing  River 

02AB008 

1954-1986 

2  Black  River 

02BB002 

1968-  1986 

3  Magpie  River 

02BD003 

1953-1986 

4  Batchawana  River 

02BF001 

1968-1986 

5  Serpent  River  @  Hwy  17 

02CD001 

1967-1986 

6  Serpent  River 

02CD006 

1973-1986 

7  Whitson  River 

02CF007 

1961  -  1986 

8  Duchesnay  River 

02DD008 

1957-1982 

9  Holland  River 

02EC009 

1966-1986 

10  Beaverton  River 

02EC011 

1967-1986 

1 1  Coldwater  River 

02ED007 

1966-  1986 

12  Saubie  River 

02FA001 

1958-1986 

13  Saugeen  River 

02FC002 

1915-1986 

14  Nith  River 

02GA018 

1951  -1986 

15  Fairchild  Creek 

02GB007 

1965-1986 

16  Big  Otter  Creek 

02GC010 

1961  ■  1986 

17  Catfish  Creek 

02GC018 

1965-1986 

18  Grindstone  Creek 

02HB012 

1966-1986 

19  East  Humber  River 

02HC009 

1954-1986 

20  Highland  Creek 

02HC013 

1958-1986 

21  Lynde  Creek 

02HC018 

1961  -  1986 

22  Don  River  @  Bayview  Exit 

02HC024 

1963-  1986 

23  Humber  River 

02HC025 

1963-1986 

24  Etobicoke  Creek 

02HC030 

1967-  1986 

25  Mimico  Creek 

02HC033 

1966-  1986 

26  Wilmot  Creek 

02HD009 

1966-  1986 

27  Shelter  Valley  Brook 

02HD010 

1966-1986 

28  Jackson  Creek 

02HJ001 

1963  -  1986 

29  Skootamatta  River 

02HL004 

1956-1986 

30  Moira  River  @  Hwy.  7 

02HL005 

1966-1986 
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5.3    Evaluation  and  Comparison  of  Biologically  and  Hydrologically-Based 
Design  Low  Flows 

5.3.1  Evaluation  Procedure 

Recent  studies  carried  out  by  MOE  (Logan,  1986,  1988)  focussed  on 
evaluating  the  performance  of  six  rivers  in  the  Province  of 
Ontario  with  respect  to  satisfying  water  quality  objectives.  The 
study  used  an  evaluation  process  which  considered  probability 
concepts  of  reliability,  resiliency  and  vulnerability. 
Performance  was  measured  by  evaluating  the  rivers  capability  to 
maintain  water  quality  conditions  to  the  requirements  of 
provincial  water  quality  objectives,  the  ability  of  the 
tributaries  to  recover  from  failure;  and  the  significance  of  the 
consequence  of  failures.  These  concepts  have  been  applied  in  a 
general  sense  in  evaluating  and  comparing  the  two  low  flow  design 
methodologies. 

Section  4.0  discussed  the  biological  considerations  inherent  in 
the  selection  of  a  flow  duration  and  frequency  for  calculation  of 
design  low  flows.  Therefore,  implicit  in  the  biologically  based 
low  flow  computational  methodology  is  the  concept  of  resiliency, 
or  the  ability  of  the  river  system  to  recover  from  an  excursion 
from  water  quality  objectives.  In  terms  of  evaluating  the  hydro- 
logical  flows  with  respect  to  biological  considerations,  there- 
fore, it  is  necessary  not  only  to  compare  magnitudes  of  flow  but 
also  the  number  of  excursions  which  might  be  expected  using  the 
design  flow.  These  factors  were  evaluated  empirically  using  the 
sample  data  sets. 

The  following  three  evaluation  criteria  were  used  in  assessing  the 
performance  of  the  existing  definition  of  low  flow  (702o)  ^nd 
other  hydrologically  defined  low  flows  with  respect  to  biological 
considerations: 
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1)  the  ratio  of  the  number  of  excursions  which  would  result  if 
the  hydrologic  flow  was  used  as  the  design  criteria 
versusthe  number  of  excursions  which  would  occur  using  the 
biologically  defined  flow  as  the  design  criteria. 

2)  the  (absolute)  difference  in  magnitude  of  design  low  flows 
using  the  two  design  low  flow  methodologies. 

3)  the  (absolute)  relative  difference  in  magnitude  of  design 
low  flows  using  the  two  design  low  flow  methodologies. 

A  measure  of  the  reliability  of  a  hydrological ly  defined  low  flow 
which  appropriately  reflects  biological  considerations  is  a 
comparison  which  would  result  in  a  similar  number  of  excursions  as 
that  occurring  using  the  biologically  based  methodology.  In 
addition,  the  average  flow  magnitudes  should  be  similar. 

Vulnerability,  as  defined  by  Logan,  is  a  measure  involving  inten- 
sity and  duration  of  exceedance  of  water  quality  objectives.  This 
is  used  to  assess  the  severity  of  a  failure  in  a  system.  In  the 
context  of  this  study,  the  vulnerability  of  a  river  system  was 
indexed  in  terms  of  the  sensitivity  of  the  number  of  excursions 
from  water  quality  objectives  to  the  biologically  based  design 
flow  (since  intensity  and  duration  are  implicitly  considered  in 
the  definition  of  biologically  based  low  flows).  In  other  words, 
vulnerability  was  assessed  relative  to  the  increased  number  of 
excursions  as  the  hydrologic  design  low  flow  deviates  from  the 
biologically  defined  design  low  flow. 

5.3.2  Hydrological ly  Defined  Design  Low  Flows 

The  hydrological ly  defined  design  low  flows  were  assembled  from 
values  published  in  a  recent  report  (CCL,  1989).  Extreme  values 
were  calculated  using  the  Gumbel  III  distribution.  Design  flows 
were  determined  for  all  combinations  of  averaging  periods  of  1,  3, 
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7,  15  and  30  days  and  frequencies  of  2,  5,  10  and  20  years,  'he 
hydrological ly-based  design  flows  for  each  hydrometric  station  are 
summarized  in  Appendix  H. 

5.3.3  Biological ly  Defined  Design  Low  Flows 

The  biologically  defined  low  flows  were  determined  using  durations 
and  frequencies  appropriate  for  Ontario  (as  explained  in  Section 
4.0).  The  4  day-3  year  chronic  design  flows  (Qccc)  ^^^  ^^^  ^ 
day-3  year  acute  design  flows  (QcMC)  ^^re  determined  for  the  30 
hydrometric  stations  using  the  DFLOW  program.  The  biologically- 
based  design  flows  for  each  hydrometric  station  are  also  summariz- 
ed in  Appendix  H. 

5.3.4  Results 

The  evaluation  criteria  discussed  in  Section  5.3.1  was  applied  to 
the  biologically  and  hydrological ly  defined  low  flows  at  each  of 
the  hydrometric  stations.  The  results  are  summarized  in  tables  in 
Appendix  H  for  each  of  the  hydrometric  stations.  The  values  of 
the  parameters  determined  in  the  evaluation  procedure  varied  for 
different  hydrologic  flows  for  each  station  and  varied  between 
hydrometric  stations.  In  order  to  derive  specific  conclusions 
from  the  overall  analysis  procedure,  average  values  for  each  of 
the  parameters,  for  each  of  the  hydrologic  design  flows  were 
determined,  and  are  summarized  in  Table  5.2. 

Based  on  the  results  in  Table  5.2,  the  current  hydrologic  design 
low  flow  (7Q2o)  is  the  most  similar  to  the  CCC  design  flow  in 
terms  of  flow  magnitudes  and  the  number  of  excursions.  Therefore, 
with  respect  to  reliability,  it  can  be  concluded  that  the  current 
MOE  design  low  flow  is  the  most  appropriate  to  use  for  assessing 
chronic  design  flow  conditions. 

With  respect  to  the  acute  design  flows,  should  the  MOE  consider 
adopting  a  two-number  criteria,  the  optimum  design  low  flow  would 


Table  5.2  Summary  of  Results 


Hydrologic 
Design  Flow 
Parameters 

161 
(2) 

(5H1) 
(m'^a/s) 

fSHD 
(5) 

121 
(4) 

(5)-(3) 
(m^3/s) 

(5)-f3) 
(5) 

1-Q-2 

6.59 

0.436 

0.44 

10.40 

0.478 

0.51 

1-Q-5 

2.16 

0.147 

0.20 

3.50 

0.182 

0.29 

1-Q-10 

1.04 

0.079 

0.17 

1.95 

0.071 

0.15 

1-Q-20 

0.38 

0.082 

0.40 

0.93 

0.058 

0.20 

3-Q-2 

7.79 

0.476 

0.47 

12.02 

0.519 

0.54 

3-Q-5 

2.63 

0.182 

0.24 

4.39 

0.224 

0.34 

3-Q-10 

1.43 

0.066 

0.11 

2.57 

0.096 

0.19 

3-Q-20 

0.61 

0.047 

0.21 

1.37 

0.035 

0.11 

7-Q-2 

9.52 

0.522 

0.50 

14.03 

0.564 

0.57 

7-Q-5 

3.41 

0.221 

0.30 

5.75 

0.264 

0.39 

7-Q-10 

1.86 

0.091 

0.15 

3.39 

0.133 

0.26 

7-Q-20 

1.01 

0.030 

0.10 

2.16 

0.057 

0.16 

15-Q-2 

12.26 

0.591 

0.54 

17.54 

0.634 

0.60 

15-Q-5 

4.87 

0.275 

0.37 

8.08 

0.317 

0.46 

15-Q-10 

2.78 

0.136 

0.25 

5.09 

0.179 

0.35 

15-Q-20 

1.79 

0.048 

0.14 

3.50 

0.086 

0.25 

30-Q-  2 

17.82 

0.706 

0.61 

24.51 

0.748 

0.66 

30-Q-  5 

8.14 

0.352 

0.46 

12.29 

0.394 

0.53 

30-Q-10 

4.84 

0.199 

0.35 

8.00 

0.241 

0.44 

30-Q-20 

3.13 

0.090 

0.25 

5.52 

0.133 

0.35 

(1)  =  CCC  Design  Flow 

(2)  =  Number  of  Excursions  from  Chronic  Design  Flow  using  ( 

(3)  =  CMC  Design  Flow 

(4)  =  Number  of  Excursions  from  Acute  Design  Flow  using  (3) 

(5)  -  Hydrologic  Design  Flow 

(6)  »  Number  of  Excursions  Using  (5)  as  CCC  Design  Flow 

(7)  «  Number  oi  Excursions  Using  (5)  as  CMC  Design  Flow 


1) 


average  of  analysis  parameters  determined  for 
30  fiydrometric  stations  summarized  in  Appendix  H 
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be  either  the  IQ20  or  the  3020-  I"  terms  of  an  appropriate  number 
of  excursions,  on  average,  the  IQ20  yields  the  closest  number  to 
the  biological  CMC  design  flow.  However,  with  respect  to  flow 
magnitudes,  the  3Q20.  on   average,  is  the  closest  to  the  OcMC- 
Results  of  a  similar  investigation  by  the  U.S.  EPA  (1986) 
recommended  the  use  of  the  7Qio  flow  for  the  Qccc  ^^'^   the  use  of 
the  IQio  for  the  Qcmc- 

Figures  5.1a  and  5.1b  illustrate  the  concept  of  vulnerability  with 
respect  to  the  number  of  excursions  which  could  occur  if  the 
design  low  flows  were  to  deviate  from  their  appropriate  biologic- 
ally defined  values.  The  figures  illustrate,  for  example,  that  if 
the  design  low  flows  were  to  deviate  from  the  biological  value  by 
25%,  an  excursion  could  be  expected  to  occur  once  a  year,  on  aver- 
age, rather  than  the  desired  frequency  of  once  every  three  years. 
Thus,  a  small  difference  in  value  of  the  design  low  flow  could 
have  a  significant  impact  on  the  resiliency  of  the  river  system. 
Since  the  hydrologic  7Q20  is  nearly  equivalent  in  magnitude  on 
average  to  the  QccC'  the  continued  use  of  7Q20  would  maintain  a 
high  resiliency  and  a  low  vulnerability  during  low  flow  conditions 
for  river  systems  in  Ontario. 

The  findings  of  this  study  are  generally  consistent  with  the 
findings  of  a  recent  investigation  (Logan,  1986)  which  concluded 
that  the  7Q20  design  low  flow  provides  high  reliability,  moderate 
resiliency  and  negligible  vulnerability. 
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6.0  CONCLUSIONS  AND  RECOMMENDATIONS 

6.1  Conclusions 

Based  on  the  results  of  this  investigation  of  the  biologically- 
based  low  flow  methodology,  the  following  conclusions  can  be  made: 

1)  The  biological  low  flow  model  can  be  applied  to  a  river 
system  independent  of  pollutant  considerations. 

2)  Based  on  available  toxicity  data,  the  U.S.  EPA's  definition 
of  duration  and  frequencies  are  the  most  appropriate  for 
Ontario  (4  day  -  3  year  for  chronic  design  flow;  1  day  - 

3  year  for  acute  design  flow) 

3)  The  7Q20  hydrological ly  defined  low  flow  is  similar  to  the 
chronic  design  flow  in  terms  of  flow  magnitudes  and  the 
expected  number  of  excursions  from  water  quality  objectives. 

4)  The  7020  1°^  ^^ow  provides  high  reliability  and  resiliency, 
and  low  vulnerability  based  on  comparison  to  the  biological 
low  flow  method 

5)  the  3Q20  and  IQ20  are  similar  to  the  acute  design  flow. 

6.2  Recommendations 

The  following  recommendations  are  made: 

1)  The  MOE  should  continue  use  of  the  7020  ^^  the  design  low 
flow  for  the  Province  of  Ontario 

2)  Additional  research  studies  should  be  undertaken  to  measure 
the  short  and  long  term  effects  of  chronic  and  acute  toxic- 
ity fol lowing  spil Is. 

3)  Consideration  should  be  given  to  evaluating  the  practicality 
and/or  improvement  in  wasteload  allocation  by  incorporating 
probability  analysis  through  dynamic  modelling.  In  so 
doing,  receiving  water  concentrations  will  be  more  appropri- 
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ately  identified  by  incorporating  realistic  flow  and  pollu- 
tant loading  combinations,  than  by  application  of  the  single 
worst  case  based  on  a  combination  of  critical  conditions. 
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APPENDIX  A 
GLOSSARY  OF  TERMS 


Glossary  of  Terms 

Acclimation 

Steady  state  compensatory  adjustments  by  an  organism  to  the 
alteration  of  environmental  conditions.  Adjustments  can  be 
behavioral  or  physiological/biochemical. 

Acute 

Having  a  sudden  onset,  lasting  a  short  time.  Of  a  stimulus, 
severe  enough  to  induce  a  response  rapidly.  Can  be  used  to  define 
either  the  exposure  or  the  response  to  an  exposure  (effect) .  The 
duration  of  an  acute  aquatic  toxicity  test  is  generally  4  d  or  less 
and  mortality  is  the  response  measured. 

Chronic 

Involving  a  stimulus  that  is  lingering  or  continues  for  a  long 
time;  often  signifies  periods  from  several  weeks  to  years, 
depending  on  the  reproductive  life  cycle  of  the  aquatic  species. 
Can  be  used  to  define  either  the  exposure  or  the  response  to  an 
exposure  (effect) .  The  chronic  aquatic  toxicity  test  is  used  to 
study  the  effects  of  continuous,  long-term  exposure  of  a  chemical 
or  other  potentially  toxic  material  on  aquatic  organisms. 

Concentration 

The  quantifiable  amount  of  chemical  in  the  surrounding  water, 
food  or  sediment. 

Criteria  (water  quality) 

An  estimate  of  the  concentration  of  a  chemical  or  other 
constituent  in  water  which  if  not  exceeded,  will  protect  an 
organism,  an  organism  community,  or  a  prescribed  water  use  or 
quality  with  an  adequate  degree  of  safety. 

Criteria  continuous  concentration 

The  EPA  national  water  quality  criteria  recommendation  for 
the  highest  instream  concentration  of  a  toxicant  or  an  effluent  to 
which  organisms  can  be  exposed  indefinitely  without  causing  an 
unacceptable  affect. 

Criteria  maximum  concentration 

The  EPA  national  water  quality  recommendation  for  the  highest 
instream  concentration  of  a  toxicant  or  an  effluent  to  which 
organisms  can  be  exposed  for  a  brief  period  of  time  without  causing 
mortality. 

Delayed  effects 

Effects  or  responses  that  occur  some  time  after  exposure. 

Duration 

The  period  of  time  over  which  the  instream  concentration  is 
averaged  for  comparison  with  criteria  concentrations.  The  duration 
of  exposure  considers  the  amount  of  time  aquatic  organisms  will  be 
exposed  to  toxicants.  This  specification  limits  the  duration  ot  a 
concentration  above  the  criteria. 


Effluent 

A  complex  waste  material  (e.g.,  liquid  industrial  discharge 
or  sewage)  which  may  be  discharged  into  the  environment. 

Frequency 

An  amount  of  time  criteria  concentrations  can  be  exceeded 
during  a  given  period  of  time  without  unacceptably  affecting  the 
community. 

Incipent  LC50 

The  concentration  of  a  chemical  which  is  lethal  to  50%  of  the 
test  organisms  as  a  result  of  exposure  for  periods  sufficiently 
long  that  acute  lethal  action  has  essentially  ceased. 

Lethal 

Causing  death  by  direct  action. 

Lowest  observed  effect  concentration  (LOEC) 

The  lowest  concentration  of  a  material  used  in  a  toxicity  test 
that  has  a  statistically  significant  adverse  effect  on  the  exposed 
population  of  test  organisms  as  compared  with  the  controls. 

Magnitude 

The  amount  of  a  pollutant,  or  pollutant  parameter  such  as 
toxicity,  expressed  as  a  concentration  or  toxic  unit,  which  is 
allowed  within  a  water  body. 

No  observed  effect  concentration  (NOEC) 

The  highest  concentration  of  a  material  in  a  toxicity  test 
that  has  no  statistically  significant  adverse  effect  on  the  exposed 
population  of  test  organisms  as  compared  with  the  controls. 

Standard  (water  quality) 

The  limiting  concentration  which  is  permitted  in  an  effluent 
or  waterway.  Standards  are  established  for  regulatory  purposes  and 
are  determined  from  a  judgement  of  the  criteria  involved. 

Toxic  unit 

The  strength,  of  a  chemical  expressed  as  a  fraction  or 
proportion  of  its  lethal  threshold  concentration. 

Toxic  unit  =  actual  concentration  of  chemical  in  solution 
lethal  threshold  concentration 

Toxicity 

The  inherent  potential  or  capacity  of  a  material  to  cause 
effects  in  a  living  organism. 
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CALCULATION  OF  HYDROLOGICALLY 

DEFINED  LOW  FLOWS 


APPENDIX  B 
EXTREME  VALUE  ANALYSIS 


Introduction 

Statistical  distributions  allow  estimates  of  probability  of  exceedance  of 
events  to  be  made  by  analytical  techniques.  Various  methods  are  avail- 
able, and  a  good  discussion  is  given  by  McMahon  and  Mein  (1986). 

At  a  gauged  location,  average  low  flows  can  be  determined  for  selected 
durations  of  time  for  each  year  of  record.  For  example,  the  corresponding 
minimum  average  consecutive  15-day  low  flow  can  be  determined  for  each 
annual  record.  The  series  of  15-day  average  annual  low  flows  can  then  be 
ranked  lowest  to  highest  and  an  extreme  value  analysis  undertaken  using  a 
theoretical  distribution. 

The  Gumbel  Type  III  Distribution 

This  is  a  variation  of  Fisher  and  Tippett's  third  asymnptotic  distribution 
of  extreme  values  and  is  sometimes  referred  to  as  the  Weibull  distribu- 
tion. In  view  of  his  many  contributions  it  is  often  referrred  to  in 
hydrology  as  the  Gumbell  II.  The  probability  density  function  is: 
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where  e  is  the  lower  bound  parameter 
u  is  the  characteristic  drought 
and   a  is  the  shape  parameter 


Various  methods  are  available  for  determining  the  distribution  parameters 
for  a  particular  data  set.  See  Condie  and  Cheng  (1983)  and  Pilon  et  al 
(1985)  for  example. 


The  Probability  Function 

The  density  function  is  integrable  and  gives  the  distribution  function 


F  (x)  =  1  -  exp 


1*] 


(2) 
X  -  e 


which  gives  the  probability  of  non-exceedance  of  x. 

Since  it  is  more  common  to  require  x  for  a  given  probability  of 

non-exceedance,  a  simple  re-arrangement  gives 

1/a  )  (3) 

X  =  e  +  (u  -  e)  (  -  Ir 


Ln  fl  -  F(x)  "I 


There  are  occasions  when  the  sample  series  of  low  flows  can  have  a  large 
negative  coefficient  of  skewness,  and  since  the  Gumbel  Type  III  distribu- 
tion cannot  have  a  skewness  of  less  than  -1.14,  then  the  distribution 
cannot  be  fitted. 

There  are  insuffucient  natural  samples  available  with  such  low  skewness  to 
make  a  firm  choice  of  an  alternative  treatment,  but  from  the  few  avail- 
able, it  was  found  that  the  negatively  skewed  three-parameter  lognormal 
distribution  provided  an  acceptable  alternative. 

If  y  »  In  (a-x)  Is  normally  distributed,  then  the  probability  density 
function  of  x  Is  given  by 

MX)  =  ^ =   """^  ■  j  "A  [in  (x-a)  -m]J  (4) 

(x-a)o  Vzn       ^  ^° 

where  m  and  o  are  respectively  the  mean  and  standard  deviation  of  the 
series  In  (x-a)  and  a  is  an  lower  boundary  parameter.  This  form  of  the 
distribution  can  only  have  negative  skewness. 


Taking  moments,  re-arranging  and  replacing  them  by  their  sample  estimates 
gives: 

k3  +  3k  -  gi  =  0  (36a)  (5) 

and  after  solving  for  k 

=  X  -  s/k  (37a)  (6) 

m  =  ln(-s/k)  -  l/21n(k2+i)  (38a)  (7) 

62  =  ln(k2+l)  (39a)  (8) 

Thus,  the  distribution  is  completely  defined  and  the  T-year  low  flows  can 
be  computed  from: 

Qt  =   -  exp(m  6t)  (9) 


Source:  Condie,  R.,  L.  C.  Cheng 

"Low  Flow  Frequency  Analysis  -  Program  LOFLOW", 
Water  Resources  Branch,  Inland  Waters  Directorate 
Environment  Canada,  Ottawa,  1987 
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APPENDIX  C 
CALCULATION  OF  BIOLOGICALLY  DEFINED  LOW  FLOWS 


The  following  description  of  the  computational  procedure  of  the  biologi- 
cal low  flow  method  is  based  on  U.S.  EPA  (1986). 

The  biologically-based  design  flow  calculation  method  is  an  iterative 
conveyance  procedure  consisting  of  five  parts.  In  Part  I,  Z  (the  allowed 
number  of  excursions)  is  calculated.  In  Part  II,  the  set  of  X-day  running 
averages  is  calculated  from  the  record  of  daily  flows.  Because  the  amb- 
ient (instream)  concentration  of  a  pollutant  can  be  considered  to  be 
inversely  proportional  to  streamflow,  the  appropriate  "running  averages" 
of  streamflow  are  actually  "running  harmonic  means".  (The  harmonic  mean 
of  a  set  of  numbers  is  the  reciprocal  of  the  arithmetic  mean  of  the  recip- 
rocals of  the  numbers.)  Thus,  "X-day  running  averages"  should  be  calcula- 
ted as  X2(l/F),  not  as  (ZF)/X,  where  F  1s  the  flow  for  an  individual  day. 
Throughout  this  Appendix,  the  term  "running  average"  will  mean  "running 
harmonic  mean". 

Part  III  describes  the  calculation  of  N  (the  total  number  of  excursions  of 
a  specified  flow  in  the  flow  record).  The  calculations  described  in  Part 
III  will  be  performed  for  a  number  of  different  flows  that  are  specified 
in  Parts  IV  and  V.  In  Part  IV,  initial  lower  and  upper  limits  on  the 
design  flow  are  calculated,  the  number  of  excursions  at  each  limit  are 
calculated  using  Part  III,  and  an  initial  trial  flow  is  calculated  by 
interpolation  between  the  lower  and  upper  limits.  In  Part  V,  successive 
iterations  are  performed  using  the  method  of  false  position  (Carnahan  et 
al  (1969)  to  calculate  the  design  flow  as  the  highest  flow  that  results  in 
no  more  than  the  number  of  allowed  excursions  calculated  in  Part  I. 

Part  I.    Calculation  of  allowed  number  of  excursions. 
I-l.  Calculate  Z  =  D/[(Y)  (365.25  days/year)] 


where  D  =  the  number  of  days  in  the  flow  record 

Y  =  the  average  number  of  years  specified  in  the  frequency; 

and 

Z  =  the  allowed  number  of  excursions. 

PART  II.    Calculation  of  X-day  running  averages  (i.e.  x-day  running 
harmonic  means) 
II. 1.  Where  X  =  the  specified  duration  (in  days)  of  the  averaging 
period,  calculate  the  set  of  X-day  running  averages  for  the 
entire  flow  record  (i.e.  calculate  an  X-day  average  staring 
with  day  1,  day  2,  day  3,  etc.)  Each  average  will  have  X-I 
days  in  common  with  the  next  average,  and  the  number  of  X-day 
averages  calculated  from  the  flow  record  will  be  (D+l-X). 

PART  III.   Determination  of  the  number  of  excursions  of  a  specified  flow 
1n  a  set  of  running  averages  (i.e.  running  harmonic  means). 

III-l.  Obtain-  a  specified  flow  of  interest  from  either  Part  IV  or 
Part  V 

III-2.  In  the  set  of  X-day  running  averages  for  the  entire  flow 

record,  record  the  date  for  which  the  first  average  is  below 
the  specified  flow  and  record  the  number  of  consecutive  days 
that  are  part  of  at  least  one  or  more  of  the  X-day  averages 
that  are  below  the  specified  flow.  (Note  that  whether  a  day 
is  counted  as  an  excursion  day  does  not  depend  exclusively  on 
whether  the  X-day  average  for  that  day  is  below  the  specified 
flow  of  In.terest.  Instead,  it  depends  entirely  on  whether 
that  day  Is  part  of  any  X-day  average  that  is  below  the 
specified  flow.  Table  C-1  provides  examples  of  the  counting 
of  excursion  days. 

Thus  the  starting  date  and  the  duration  (in  days)  of  the  first 
excursion  period  will  be  recorded.  By  definition,  the  minimum 
duration  is  X  days. 


III-3.  Determine  the  starting  dates  of,  and  number  of  days  in,  each 
succeeding  excursion  period  in  the  flow  record. 

III-4.  Identify  all  of  the  excursion  periods  that  begin  within  120 
days  after  the  beginning  of  the  first  excursion  period. 
(Although  the  first  excursion  period  Is  often  the  only  one  in 
the  130-day  period,  two  or  three  sometimes  occur  within  the 

120  days.  Rarely  do  any  excursion  periods  occur  during  days 

121  to  240.)  All  of  these  excursion  periods  are  considered  to 
be  in  the  first  low  flow  period.  Add  up  the  total  number  of 
excursion  days  in  the  first  low  flow  period  and  divide  the  sum 
by  X  to  obtain  the  number  of  excursions  in  the  first  low  flow 
period.  If  the  number  of  excursions  is  calculated  to  be 
greater  than  5.0,  set  it  equal  to  5.0. 

III-5.  Identify  the  first  excursion  period  that  begins  after  the  end 
of  the  first  low  flow  period,  and  start  the  beginning  of  the 
second  120-day  low  flow  period  on  the  first  day  of  thi.s 
excursion  period.  Determine  the  number  of  excursion  days  and 
excursions  in  the  second  low  flow  period. 

III-6.  Determine  the  starting  dates  of,  and  the  number  of  excursions 
in,  each  succeeding  120-day  low  flow  period. 

III-7.  Sum  the  number  of  excursions  in  all  the  low  flow  periods  to 
determine  S  =  the  total  number  of  excursions  of  the  specified 
flow  of  interest. 

PART  IV.    Calculation  of  initial  limits  of  the  design  flow  and  initial 

trial  flow. 
IV. 1.  Use  L  -  0  as  the  initial  lower  limit. 
IV. 2.  Use  U  =.  the  XQY  low  flow  as  the  Initial  upper  limit. 
IV. 3.  Use  Nl=0  as  the  number  of  excursions  (see  Part  III)  of  the 

initial  lower  1 imi t. 
IV. 4.  Calculate  Nu  =  the  number  of  excursions  (see  Part  III)  of 

the  initial  upper  limit. 

(Z-Nl)  (U-L) 
IV. 5.  Calculate  T  =  the  Initial  trial  flow  as  T  +  L  +  


(Nu  -  Nl) 
and  repeat  steps  V-1,  V-2,  and  V-3  as  necessary. 
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APPENDIX  D 
DESCRIPTION  OF  DFLOW 

Gumming  Cockburn  Limited  retained  a  copy  of  the  U.S.  EPA's  DFLOW  computer 
program  and  source  code.  The  computer  program  has  been  modified  to  allow 
either  batch  or  Interactive  operations.  The  following  summarizes  the 
input  file  requirements  for  both  types  of  operation.  Sample  input  data 
files  are  also  provided. 

Batch  Version: 

-  Files  Involved: 

1)  DLOWFLOW«EXE  (Task  File) 

2)  Input  File  :  Hydrometric  Data  Files 

-  Name  of  these  data  files  consist  of  the  Water  Survey 
Identification  Number  with  '-Bio'  as  extension 

-  Example  02HB012-BIO  (W.S.  Id.  number) 

3)  PARAM'OAT  consists  of  records  of  variables  summarizing  requested 
options.  Refer  to  D.2  Parameter  File  Description  Sheet  for 
particular  input  format  requirements. 

Interactive  Version: 

-  Files  Involved: 

1)  DFLOW«EXE  (Task  File) 

2)  Input  File  :  Hydrometric  data  files  (same  as  above). 


D.2    PARAMETER  FILE  DESCRIPTION  SHEET 
Line   Field    Variable     Description 

1  A7  (17)   Station  No.   Water  Survey  Identification  Number 

2  I  (1)     I         No.  of  Design  Flow  to  be  calculated 

'1'  -  CMC 
'2'  -  CCC 
'3'  -  User  Defined 

If  I  =  1  or  I  =  2: 

3  14  (1-4)   Num        Number  of  Flows  for  Calculation  of 

Excursions 

4  FlO-11  (1-10)  Flow     Flow  values  (cms) 

End-of-Record 
If  I  =  3: 

2  14  (1-4)  K  Type  of  Design 

•r  -  Biologically  Based 
'2'  =  Extreme  Value  xQy 

3  14  (1-4)  M  Number  of  days  in  a  flow  averaging  period 

(1  for  CMC,  4  for  CCC) 

4  FIO.O  (1-10)  XMR      Average  number  of  years  between  excursions 

(3) 

If  K  =  1: 

5  FIO.O  (1-10)  XME      Maximum  number  of  excursions  in  a  low  flow 

period  (5) 

6  FIO.O  (1-10)  XMI      Maximum  number  of  days  in  a  low  flow 

period  (100) 

7  14  (1-4)  Jl  Beginning  year  of  flow  record  (1900) 

8  14  (1-4)  J2         Ending  year  of  flow  record  (1999) 

9  14  (1-4)  Num        Number  of  Flows  for  Calculation  of 

Excursions 


Line   Field   Variable 


Description 


10 


FIO.O   Flow 


Flow  values  (cms) 


End-of-Record: 
If  K  =  2: 
14  (1-4)  Jl 
14  (1-4)  J2 
End-of-Record 


Beginning  year  of  flow  record  (1900) 
Ending  year  of  flow  record  (1999) 


sample  Input  Data  File  PARAM.DAT 


02FC002 
2 

10 
5.538 
4.019 
3.360 
2.903 
6.066 
4.655 
4.032 
3.594 
6.429 
5.006 


Sample  Output  Listing   02FC002.dat 


02FC002   1915-1986 


23.906 


3.882 

21.500 

5 

538 

114 

750 

4 

019 

30 

250 

3 

360 

6 

250 

2 

903 

000 

6 

066 

162 

000 

4 

655 

61 

000 

4 

032 

30 

500 

3 

594 

12 

250 

6 

429 

189 

500 

5 

006 

78 

750 

02FC002  =  Hydrometrlc  Station 

1915-1986  =  Period  of  Record 

23.906  »  Theoretical  Number  of  Excursions 

2  =  CCC  Indicator 

3.882  «  CCC  Flow 

21.500  =  Number  of  Excursions  Using  CZZ 

5.538  »  First  Flow  to  Calc.  »  of  Excurs 

114.75  "  Number  of  Excursions  for  Q=5.538 

4.019  =  Second  Flow  etc. 


Sample  Hydrometr ic  Data  File  for  Station  02FC002    (02FC002.BIO 


02FC002 

15 

1 

1 

0. 

115000E+02 

15 

1 

2 

0. 

108000E+02 

15 

1 

3 

0. 

137000E+02 

15 

1 

4 

0. 

137000E+02 

15 

1 

5 

0. 

144000E+02 

15 

1 

6 

0. 

170000E+02 

15 

1 

7 

0, 

.170000E+02 

15 

1 

8 

0. 

,178000E+02 

15 

1 

9 

0. 

,178000E+02 

15 

1 

10 

0, 

,170000E+02 

15 

1 

11 

0. 

,160000E+02 

15 

1 

12 

0, 

,170000E+02 

15 

1 

13 

0. 

.170000E+02 

15 

1 

14 

0, 

.170000E+02 

15 

1 

15 

0, 

.150000E+02 

15 

1 

16 

0, 

.153000E+02 

15 

1 

17 

0, 

,178000E+02 

15 

1 

18 

0 

.178000E+02 

15 

1 

19 

0 

.187000E+02 

15 

1 

20 

0 

.187000E+02 

15 

1 

21 

0 

.170000E+02 

15 

1 

22 

0 

.161000E+02 

15 

1 

23 

0 

.161000E+02 

15 

1 

24 

0 

.161000E+02 

15 

1 

25 

0 

.170000E+02 

15 

1 

26 

0 

.170000E+02 

15 

1 

27 

0 

.161000E+02 

15 

1 

28 

0 

.161000E+02 

15 

1 

29 

0 

.144000E+02 

15 

1 

30 

0 

.144000E-t-02 

15   1  31    0.144000E+02 


APPENDIX  E 

SUMMARY  OF  TOXICITY  RESEARCH 

(i)  Chronic  Toxicity  . 
(11)  Acute  Toxicity 


TableU)  SUMMARY  OF  CHRONIC  TOXICITY  OF  AMMONIA  TO  FRESHWATER  ANIMALS 


Spec  i  es 


Test  Conditions     pH      Temperature     D.O. 
(°C)      (mg/L) 


Unionized  Ammonia 

Chronic  Value 

(mg/L  NH3)2 

Concentration 

(mg/L) 


Cladoceran, 
Ceriodaphnia  acanthi na 


LC     7.0-7.5      24.0-25.0     5.7-6.4      0.304      Mount  1982 


Cladoceran, 
Oaphnia  magna 


LC     8.09 


6.9-7.7     0.527 


Russo  et  al.  1985 


Cladoceran, 

Oaphnia  magna 


LC  7.63-8.16  17.8-20.8 


8a-9U 
saturated 


Reinbold  i   Pescitelli 
1982a 


Pink  salmon, 
Oncorhynchus  gorbuscha 


ELS    6.3-6.5 


0.0017     Rice  &  Bailey  •;980 


Rainbow  trout, 
Salmo  gairdneri 


Rainbow  trout, 
Salmo  gairdneri 


Rainbow  trout, 
Salmo  gairdneri 


Atlantic  salmon, 
Salmo  salar 


Fathead  minnow, 
Pimephales  promelas 


Fathead  minnow, 
Pimephales  promelas 


White  suclcer, 
Catostomus  conmersoni 


Channel  catfish, 
Ictalurus  punctatus 


Channel  catfish, 
Ictalurus  punctatus 


Channel  catfish, 
Ictalurus  punctatus 


Channel  catfish, 
Ictalurus  punctatus 


Green  sunfish, 
Lepomi  s  inacrochi  rus 


LC 


7.4 

14.5 

>80X 
saturated 

0.016 

Calamari  et  al.  1977 
1981 

7.69-7.72 

9.3 

7.3-7.6 

0.0311 

Thurston  et  al .  1984b 

7.4-7.6 

10-12 

>8 

<0.06 

Burlchalter  i  Kaya  1977 

6.7-7.5 

13 

10 

0.01 

Samylin  1969 

7.99-8.01 

24.0-24.2 

6.3-6.5 

0.13 

Thurston  et  al.  In 
US  EPA  (1986) 

7.63-8.13 

22.7-26.3 

6.6-7.8 

0.22 

Swigert  &  Spacie  1983 

8.01-8.65 

16.9-20.5 

68-74S 
saturated 

0.058 

Reinbold  4  Pesci  tell i 
1982a 

7.6-7.8 

25.1-25.3 

5.1 

0.103 

Robinette  '976 

8.30-8.44 

27.8-28.0 

7.4-7.8 

<0.25 

Colt  &  Tchot>anogious 
1978 

7.53-8.37 

24.8-28.4 

70-76X 
saturated 

0.283 

Reinhold  &  Pescitelli 
1982  a 

7.34-7.95 

23.5-28.0 

3.6-6.7 

0.18 

Sxigert  i  Spacie  1983 

7.9 

22 

7.09 

0.33 

McCormick  et  al .  1984 

Sluegill, 

Lepomi s  macrochirus 


ELS     7.74 


0.0926      Smith  et  al .  H3» 


Smallmouth  bass, 
Micropterus  dolomieui 


ELS  6.60-8.68  22.2-22.5  7.68-7.78         0.0437  Srodenuset   al  .    1935 


Legend: 

1.   LC  =  life  cycle 

ELS  =  early  I i  fe  stage 

J  -  juvenile 


2.   Lowest  recorded  Final  Chronic  Value. 


Table  uj  SUMMARY  OF  ACUTE  TOXICITY  OF  AMHONIA  TO  FRESHWATER  ANIMALS 


Species 


Effect     Concentrn 
(mg/L  MHj) 


Tenperature     D.O. 
(°C)        (mg/L) 


Flatworm, 

Dendrocoelun  lacteun 
(Ppocotyla 
f luviatilis) 

S,U 

LC50 

1.4 

8.2 

18 

Starrmer  1953 

Tubifictd  Horm, 
Tubifex  tubifex 

S,U 

LC50 

2.7 

8.2 

12 

Stanmer  1953 

Snail, 

FT,M 

LCSO 

1.S9 

8.0-8.2 

4.0-S.S 

12.3-12.5 

West  1985 

Phvsa  qyrina 

Snail, 

FT,M 

LC50 

1.78 

8.0-8.2 

12.1-13.3 

9.5-10.4 

West  1985 

Phvsa  qrvina 

FT,M 

LCSO 

1.71 

8.0 

24.9 

7.1 

West  1985 

Snail, 

Helisoma  trivolvis 

FT,M 

LCSO 

2.76 

8.2 

12.9 

9.S 

West  1985 

Clam, 

Musculicw 

transversLin 


FT,M 


LCSO 


0.93 


8.1-8.6     5.4-20.5    8.6 


West  1985 


Cladoceran, 
Ceriodaphnia 
acanthi na 
<2-h 


FT.M 


LCSO 


0.770      7.06 


24 


4.8-5.3       Mount  1982 


Cladoceran, 
Daonia  magna 
mixed  ages 

S,M 

Cladoceran, 
Daphnia  maqna 
<24-h 

S,M 

Cladoceran, 
Daphnia  maqna 
<24-h 

FT,M 

Cladoceran, 
Daphnia  maqna 
48-h 

S.M 

Cladoceran, 
Daphnia  pullcaria 

FT,M 

Cladoceran, 
Simocephalus  vetulus 
<24-h 

FT,M 

Cladoceran, 

Simocephalus  vetulus 

FT,M 

Isopod, 

Asellus  racovitzai 

racovi tzai 

12mm 

FT,M 

LCSO 


8.2 


2S 


LCSO 


LCSO 


LCSO 


LCSO 


LCSO 


.53 


4.94 


2.94 


1.16 


7.4-8.15     19.6-22.8   6.8-8.0 


5.11-8.58    19.7       95X 

saturated 


8.4-8.6      19.5-20.5   8.8-9.2 


8.0-8.1      14 


7.06        24 


2.29       8.3 


7.2-7.4 


17.0       9.5 


2.94       7.81        11.9       9.1 


Parlthurst  et  al.  1979, 
1981 


Russo  et  al .  1985 


Reinbold  &  Pescitelli 
1982a 


Gersich  &  Hopkins 
1986 


OeGraeve  et  al.  1980 


Mount  1982 


West  1985 


Thurston  et  al .  1983 


Table  .  Continued 


Species 


Conditions 


Effect     Concentrn 
(mg/L  NHj) 


pH 


Temperature     D.O. 
(°C)        (mg/L) 


Isopod, 

Asei lus  racovitzai 

Amphipod, 
Cranqonvx 
pseudoqraci lis 

Crayfish, 
Orconectes  nais 
2.78cni 

Crayfish, 
Orconectes  irrmunis 

Mayfly, 

Cal libaetis  sp.   near 

inontanus 

lOim 

Mayfly, 
Cal libaetis 
skokianus 
Myn^sh 

Mayfly, 

Ephamerel la  grandis 

10mm 


Stonef ly, 
Arcynopteryx 
parat lela 
19mm 

Caddisfly, 

Phi larctus  quaeris 

Larvae 

Beetle, 

Stenelmis  sex  I ineata 

2.8(1111 

Pink  salmon, 
Oncorhynchus 
qorbuscha 
Late  alevins 

Coho  salmon, 
Oncorhynchus  kisutch 
Juveni le 

Coho  salmon, 
Oncorhynchus  kisutch 

Chinook  salmon, 

Oncorhynchus 
tshawytscha 


LC50 
LC50 


4.95       8.0 


4.0        12.6 


West  1985 


1.63       8.0-8.2     4.0-24.9    7.1-12.6      West  1985 


FT.M  LC50  3.15  7.6-9.0  26-27  7.8-8.2  Evans  1979 

FT,M  LC50  22.8  8.2  4.6  12.4  West  1985 

FT.M  LC50  1.80  7.81  11.9  9.1  Thurston  et  aL.  19S4a 

FT,M  LC50  4.82  7.9  13.3  10.3  West  1985 

FT.M  .     LC50  3.86  7.84-7.85  12.0-12.2  8.3-8.3  Thurston  et  al.  1984a 


FT,M       LCSO       2.00       7.76-7.81    13.1-13.8   8.5-8.9      Thurston  et  al.  1984a 


FT,M      LCSO       10.2       7.8        13.3       10.4         West  1985 


FT,M      LCSO       8.00       8.7        25        8.0 


S.M       LCSO       0.083      6.3-6.5     3.7-4.8 


FT.M       LCSO       0.272      7.0-8.5 


FT,M       LCSO       0.55       8 


FT.M       LCSO        .99 


.04-8.20    14.7 
7.82-7.87    12.2-13.5   7.26 


Hazel  et  al.  1979 


Rice  1  Bailey  1980 


Robinson-Ui I  son  i 

Seim  1975 

>80X 

Buckley  1978 

saturated 

7.26-7.37 

Thurston  S  M^yn  1934 

Table  .  Continued 


Species 


Conditions 


Concentrn 
(mg/L  NHj) 


pH 


Terperature     D.O. 
(°C)        (mg/L) 


Golden  trout. 

FT,M 

LC50 

Salmo  aouabonita 

0.09g 

Cutthroat  trout, 

FT,M 

LCSO 

Salmo  clarki 

Rainbow  trout. 

FT,M 

LC50 

Salmo  gairdneri 

1d-51d 

Rainbou  trout, 

FT,M 

LCSO 

Salmo  gairdneri 

1.48g 

Rainbow  trout. 

S,M 

LCSO 

Salmo  gairdneri 

Rainbow  trout. 

FT,M 

LCSO 

Salmo  gairdneri 

Rainbow  trout. 

LCSO 

Salmo  gairdneri 

.06g-2596g 

Rainbow  trout. 

FT,M 

LCSO 

Salmo  gairdneri 

Rainbow  trout. 

FT,M 

LCSO 

Salmo  gairdneri 

Rainbow  trout, 

Salmo  gairdneri 

Rainbow  trout, 

FT,M 

LCSO 

Salmo  gairdneri 

3.3g-22.4g 

Brown  trout. 

FT,M 

LCSO 

Salmo  trutta 

Book  trout. 

FT.M 

LCSO 

Salvel Inus 

fontinal is 

Mountain  whitefish, 

FT,M 

LCSO 

ProsooiLin  wiUiamsoni 

Golden  shiner, 

FT,M 

LCSO 

Motemigonus 

crvsoieucas 

Red  shiner. 

FT,M 

LCSO 

MotroDis  lutrensis 

Spot  fin  shiner. 

FT,M 

LCSO 

Notroois  spiloDterus 

0.75S      8.06 


13.2       8.9 


Thurston  S,   Russo  1981 


0.S2 


0.160 


0.697 


0.77 


0.163 


0.26 


2.83 


1.20 


7.78-7.81    12.2-13.1   8.3-8.6      Thurston  et  al.,  1978 


14.5 


10 


7.4 


7.95 


7.5 


8.0-8.1     14 


>80X 
saturated 


80X 


7.2-7.4 


7.62-8.08    7.9-14.5    6.6-9.4 


6.51-9.01    13.9-14.5   7.4-8.1 


Calamari  et  al.  1977, 
1981 


Broderius  &  Smith  1979 


Holt  i   Malcolm  1979 


DeGraeve  et  al.  1980 


Thurston  &  Russo  1983 


Thurston  et  al.  1981c 


7.75-7.83    12.5-12.9   S. 66-7. 57     Thurston  et  al.  1981b 


5.30-8.56    3.0        86-100X 

saturated 


7.7-8.3      3.6-18.7    7.3-9.6 


Reinbold  i  Pesci  tel  I  i 
1982b 


West  1985 


0.597  7.82-7.86  13.2-14.2  8.65-9.28  Thurston  J  Meyn  1984 

0.962  7.83-7.84  10.6-13.6  8.48-8.65  Thurston  &  Meyn  1984 

0.143  7.68-7.84  12.1-12.4  6.19-7.74  Thurston  &  Meyn  1984 

0.72  7.5  24.5  7.7  Swigert  &  Specie  1983 


8.2-9.2      24 


7.5-8.2       Hazel  et  al.  1979 


7.7-8.5      26.5        81-89*        Rosage  et  al.  1979 


Table  .  Continued 


Species 


Concentrn 
(mg/L  NHj) 


Temperature 
(°C) 


D.O. 
(mg/L) 


Spotfin  shiner, 
Notropis  spi lopterus 

Steelcolocjr  shiner, 
Wotropis  whipplei 

StoneroUer, 
Camoostoma  anona i tjn 

Fathead  minnow, 
Pimephaies  promelas 

Fathead  minnow, 
Pimephales  pronieias 
.09-2.39g 

Fathead  minnow, 
Pimephal.es  promelas 
1.8-2. Og 

Fathead  minnow, 
Pimephales  promelas 
0.30-.066g 

Fathead  minnow, 

Pimephales  promelas 
0.2-0.5g 

Fathead  minnow, 
Pimephales  promelas 
1.6-1.9g 

Fathead  minnow, 

Pimephales  promelas 
j  uven  i I e 

White  sucker, 
Catosomus  conmersoni 


FT,M 

LC50 

1.35 

FT,M 

LC50 

1.25 

FT,M 

LC50 

1.72 

FT,M 

LCSO 

1.59 

FT,M 

LC50 

0.754 

7.9 


25.7       7.3 


FT,M 


FT,M 


S,M 


6.3g 

White  sucker. 

FT, 

,M 

Catosomus  conmersoni 

White  sucker. 

fT, 

,H 

Catosomus  cormersoni 

5.2-96g 

Mountain  sucker. 

FT, 

,« 

Catostomus 

platyrhynchus 

Channel  catfish, 
Ictalurus  punctatus 


Channel  catfish, 
Ictalurus  punctatus 


Channel  catfish, 
Ictalurus  punctatus 


S,U 


FT,M 


LC50 


LCSO 


LCSO 


LCSO 


LCSO 


LCSO 


LCSO 


LCSO 


1.75 


0.79 


0.76 


7.9  25.7  6.4 

7.8  25.7  6.4 

3.0-3.1  14  7.2-7.4 

7.63-8.16  12.8-22.4  6.2-9.0 


Swigert  &  Spacie  '933 
Swigert  &  Spacie  1983 
Swigert  i   Spacie  1983 
OeGraeve  et  al .  1980 
Thurston  et  al.  1983 


0.240      6.51-9.03    11.8-13.8   9.3-9.9       Thurston  et  al.  1981c 


0.73       7.86-8.70    4.1-25.2    73-96X 

saturated 


7.78-7.80    25.6-25.9   7.1-7.2 


Reinbold  &  Pescitelli 

1982b 


Swigert  i   Spacie  1983 


1.83       8.0-8.1      12.1-26.1   6.3-9.8       West  1985 


8.2-8.5 


J. 00-8. 28    15.0-15.4   88-93X 

saturated 


7.8 


22.5 


3.6-15.3    9.2-12.5 


Mayes  et  ai.  1986 
Alexanaer  et  al .  1935 


Reinbold  £  Pesci  tel I i 
1982c 


Swigert  i   Spacie  1983 
West  1985 


0.668      7.67-7.73    11.7-13.2   6. 59-7. 45     Thurston  i  Meyn  193^ 


8.34-8.8     22-30 


1.75 


7.77-8.41    22-28 


7.77-8.12    23.8 


Near 

Colt  &  Tchobanogioui 

saturation 

1976 

30-89X 

Rosetxjom  j;  Richey 

saturated 

1977 

38S 

Reinbold  &  Pescttelli 

saturated 

198:d 

Table  .     Continued 


Spec  i  es 


Conditions 


Effect" 


Concentrn 
(mg/L  NHj) 


pH 


Tenperature     0.0. 
(°C)        (mg/L) 


Channel  catfish, 
Ictalurus  punctatus 

Channel  catfish, 
Ictalurus  punctatus 

Guppy, 

Poeci lia  reticulata 

Uhite  perch, 
Horone  americana 

Green  sunfish, 
lepomis  c vane I i us 

Green  sunfish, 
Lepomis  cvanel ius 
9d 

Green  sunfish, 
Lcpoitiis  cvanel  ius 

Punpkinseed, 
Lepomis  g i bbosus 

Pumpkinseed, 
Lepomis  g i bbosus 

Bluegi 1 1, 

Lepomis  macrochirus 

Bluegi  U, 

Lepomis  macrochirus 

.072-.6^6g 

Bluegi II, 

Lepomis  macrochirus 

0.250g 

Bluegi  II, 

Lepomis  macrochirus 

49.2mg 

B I ueg  ill, 

Lepomis  macrochirus 

Bluegi II, 

Lepomis  macrochirus 

j  uven  i I e 

Smallmouth  bass, 
Micropterus 
dolomieui 
265mg 

Largemouth  bass, 
Micropterus 
sal  mo  ides 
2.0-6.3g 


FT,M 
FT,M 
S,M 
S,M 

FT,M 
FT,M 

FT,M 
FT,M 
FT,M 
FT,M 

FT,M 

FT,M 

FT,H 

FT,M 
S,M 

FT,M 
FT,M 


LC50 
LC50 
LC50 
LC50 
LC50 
LC50 

LC50 
LC50 
LC50 
LC50 
LC50 

LC50 

LCSO 

LC50 


1.45 
0.50 
1.45 
0.15 
0.61 


0.59 


0.61 


0.89 


0.55 


.26 


7.8 
7.8-8.1 


25.7       7.1 
3.5-26.0    4.5-12.7 


1.35 


6.95-7.50    25 


6.8-8.2 


Swigert  &  Spacie  1983 


Rubin  i   Elmaraghy  1976, 
1977 


Stevenson  1977 


7.84 

12.3 

8.3 

Jude  1973 

8.09-3.46 

26.2 

88% 

Reinbold  &  Pescitell i 

saturated 

1982a 

6.6-8.7 

22.4 

8.1 

Mccormick  et  al.  1984 

7.77 

12.0 

8.4 

Jude  1973 

7.71-7.77    14.0-15.7   7.16-8.37     Thurston  1981 


7.96-9.00    18.5 


7.39-8.28    22-23 


91-95X 
saturated 


7.98-8.47    4.5-25.0    74-100X 
saturated 


21.7 


7.89 


7.6-7.8     24.2-26.5   6.4-7.2 


8.2-8.5      22 


Emery  &  Welch  1969 
Roseboom  J  Richey  1977 


Reinbold  4  Pesci  tel I i 
1982b 


Smith  et  al.  1984 


Suigert  &  Spacie  1983 


Mayes  et  al.  1986 
Alexander  et  al.  1985 


LCSO 


6.53-8.71    22.3 


7.82-8.11    22-28 


7.93-8.00     Broderius  et  al.  1985 


83-94X        Roseboom  &  Richey  1977 
saturated 


Table  .  Continoed 


Spec  i  es 


Conditions 


Effect     Concentrn 
(mg/L  NH,) 


pH  Tefflpei"ature 

(°C) 


D.O. 
(mg/L) 


Orangethroat  darter,  FT,M      LC50 

Etheostoma  spectabi le 

0.78g 

Walleye,  FT.M       LC50 

Stizostedion  vitreun 
vi treon 
6-d  old 

Walleye,  FT,M      LC50 

Stizostedion  vitreun 
13. 4-22. 6g 

Walleye,  $,M       LC50 

Stizostedion  vitreun 


.90 


7.7-8.5     21-22      7.6-8.1       Hazel  et  al.  "979 


.85        7.84-8.31    18.2       97X         Reinbold  &  Peseitelli 

saturated     1982a 


7.7-8.3     3.7-19.0    6.9-11.7      West  1985 


1.06       8.2-8.5     22 


Mayes  et  al.  1986 
Alexanaer  et  al.  1985 


Mottled  sculpin,     FT,M 

Cottus  bairdi 

1.8g 


LC50 


1.39       8.02        12.4       8.9 


Thurston  i   Susso  1981 


Legend: 

1.  Adult  unless  otherwise  stated 

2.  FT  =  flow-through,  S  =  static,  R  =  renewal,  M  =  measured,  U  =  unmeasured 

3.  Duration  of  exposure  for  invertebrates  either  48  h  or  96  h; 
duration  of  exposure  for  fishes  96  h. 


4.  Lowest  recorded  effect  concentration 


APPENDIX  F 

FISH  SPECIES 

IN  ONTARIO  RIVERS 


Table.   Summary  of  fish  species  present  in  select  Ontario  Rivers. 
Species  name  and  common  name  are  included. 
*  denotes  a  cold  water  fish  or  a  salmonid. 


LYinDE  CREEK  (C) 


Lampetra  lamottei 
Salmo  gairdneri 
Clinostomus  elongatus 
Notropis  atherinoides 
Notropis  spilopterus 
N.  stramineus 
Phoxinus  eos 
Pimephales  promelas 
Rhinichthys  atratulus 
R.  cataractae 
Semotilus  atromaculatus 
Catostomus  commersoni 
Lepomis  gibbosus 
Etheostoma  caeruleum 
E.  niegrum 
Percina  caprodes 
Notropis  rubellus 


American  brook  lamprey 

Rainbow  trout 

Redside  dace 

Emerald  shiner 

Spotfin  shiner 

Sand  shiner 

Northern  redbelly  dace 

Fathead  minnow 

Blacknose  dace 

Longnose  dace 

Creek  chub 

White  sucker 

Pumpkinseed 

Rainbow  darter 

Johnny  darter 

Logperch 

Rosyface  shiner 


OSHAWA  CREEK  (C) 


Lampetra  lamottei 
Notropis  rubellus 
N.  stamineus 
Phoxinus  eos 
Rhinichthys  cataractae 
Semotilus  atromaculatus 
Notropis  atherinoides 
N.  spilopterus 
Catostomus  commersoni 
Petromyzon  marinus 
*Salmo  gairdneri 


American  brook  lamprey 

Rosyface  shiner 

Sand  shiner 

Northern  redbelly  dace 

Longnose  dace 

Creek  chub 

Emerald  shiner 

Spotfin  shiner 

White  sucker 

Sea  lamprey 

Rainbow  trout 


WILMOT  CREEK  (C) 


*Oncorhynchus  kisutch 
*Oncorhynchus  tshawytscha 
*Salmo  gairdneri 
*S.  trutta 
Noturus  flauus 
Notropis  cornutus 
N.  heterolepis 
Pimephales  notatus 


Coho  salmon 
Chinook  salmon 
Rainbow  trout 
Brown  trout 
Stonecat 
Common  shiner 
Blacknose  shiner 
Bluntnose  minnow 


SHELTER  VALLEY  BROOK  (C) 


*Salmo  gairdneri 
Phoxinus  eos 
P.  neogaeus 
Pimephales  notatus 
Rhinichthys  atratulus 
R.  cataractae 
Semotilus  atromaculatus 
Catostomus  commersoni 
Culaea  inconstans 
Cottus  bairdi 
Etheostoma  flabellare 
E.  nigrum 

Alosa  pseudoharengus 
*Oncorhynchus  tshawytscha 
Notropis  atherinoides 
N.  stramineus 
Ictalurus  nebulosus 
♦Cottus  cognatus 
Etheostoma  olmstedi 
Perca  flavescens 
Percina  caprodes 
*Salvelinus  fontinalis 


Rainbow  trout 
Northern  redbelly  dace 
Finescale  dace 
Bluntnose  dace 
Blacknose  dace 
Longnose  dace 
Creek  chub 
White  sucker 
Brook  stickleback 
Mottled  sculpin 
Fantail  darter 
Johnny  darter 
Alewife 

Chinook  salmon 
Emerald  shiner 
Sand  shiner 
Brown  Bullhead 
Slimy  sculpin 
Tessellated  darter 
Yellow  perch 
Logperch 
Brook  trout 


GRINDSTONE  CREEK  (WC/C) 


Hybognathus  hankinsoni 
Notropis  cornutus 
N.  heterolepis 
Pimephales  notatus 
P.  promelas 
Rhinichthys  atratulus 
Semotilus  atromaculatus 
Catostomus  commersoni 
Lepomis  gibbosus 
Micropterus  dolomieui 
Etheostoma  nigrum 


Brassy  minnow 
Common  shiner 
Blacknose  minnow 
Bluntnose  minnow 
Fathead  minnow 
Blacknose  dace 
Creek  chub 
White  sucker 
Pumpkinseed 
Smallmouth  bass 
Johnny  darter 


NITH  RIVER 


Clinostomus  elongatus  (1952) 

Cyprinus  carpio 

Hybognathus  hankinsoni 

Nocomis  biguttatus 

N.  micropogon 

Notropis  chrysocephalus 

N .  cornutus 

N.  photogenis 

N.  nibellus 

Pimephales  notatus 

P.  promelas 

Semotilus  atromaculatus 

Hypentelium  nigricans 

Moxostoma  erythrurum 

Ambloplites  rupestris 

Micropterus  dolomieui 

Lepomis  cyanellus 

Noturus  flavus 


Redside  dace 
Carp 

Brassy  minnow 
Hornyhead  chub 
River  chub 
Striped  shiner 
Common  shiner 
Silver  shiner 
Rosyface  shiner 
Bluntnose  minnow 
Fathead  minnow 
Creek  chub 
Northern  hog  sucker 
Golden  redhorse 
Rock  bass 
Smallmouth  bass 
Green  sunfish 
Stonecat 


COLDWATER  RIVER  (C) 


*Oncorhynchus  kisutch 
*Oncorhynchus  tshawytscha 

*  Salmo  gairnderi 

*  Salvelinus  fontinalis 
Rhinichthys  atratulus 
Semotilus  atromaculatus 
Culaea  inconstans 
Cottus  bairdi 
Etheostoma  nigrum 


Coho  salmon 
Chinook  salmon 
Rainbow  trout 
Brook  trout 
Blacknose  dace 
Creek  chub 
Brook  Stickleback 
Mottled  sculpin 
Johnny  darter 


HOLLAND  RIVER  (C) 


Cyprinus  carpio 
Notemigonus  crysoleucas 
Notropis  atherinoides 
N.  cornutus 
N.  hudsonius 
N.  spilopterus 
Phoxinus  eos 
Pimephales  notatus 
Carpiodes  cyprinus 
Ictalurus  punctatus 
Percopsis  omiscomaycus 
Cottus  bairdi 
Lepomis  gibbosus 


Carp 

Golden  shiner 

Emerald  shiner 

Common  shiner 

Spottail  shiner 

Spotfin  shiner 

Northern  redbelly  dace 

Bluntnose  minnow 

Quillback 

Channel  catfish 

Troutperch 

Mottled  sculpin 

Pumpkinseed 


BEAVERTON  RIVER  (C) 


Notropis  cornutus 
Pimephales  notatus 
Rhinichthys  atratulus 
Culaea  inconstams 
Pimephales  promelas 
Umbra  limi 
Phoxinus  neogaeus 
Semotilus  margarita 


Common  shiner 
Bluntnose  minnow 
Blacknose  dace 
Brook  stickleback 
Fathead  minnow 
Mudminnow 
Finescale  dace 
Pearl  dace 


TWENTY  MILE  CREEK  (WC) 


Rhinichthys  cataractae 
Dorosoma  cepedianum 
Labidesthes  sicculus 
Ambloplites  rupestris 
Lepomis  cyanellus 
L.  gibbosus 
L.  macrochirus 
Micropterus  salmoides 
Ictalurus  melas 
Pomoxis  nigromaculatus 
Esox  americanus  vermiculatus 
Etheostoma  exile 
Notemigonus  crysoleucas 
Pimephales  notatus 
Ictalurus  nebulosus 
Umbra  limi 
Esox  lucius 
Culaea  inconstans 


Longnose  dace 
Gizzard  shad 
Brook  silverside 
Rock  bass 
Green  sunfish 
Pumpkinseed 
Bluegill 
Largemouth  bass 
Black  bullhead 
Black  crappie 
Grass  pickeral 
Iowa  darter 
Golden  shiner 
Bluntnose  minnow 
Brown  bullhead 
Mudminnow 
Northern  pike 
Brook  stickleback 


ETOBICOKE  CREEK  (C) 


Notemigonus  crysoleucas 
Notropis  atherinoides 
N.  cornutus 
N.  heterolepis 
Pimephales  notatus 
P.  promelas 
Rhinichthys  atratulus 
Semotilus  atromaculatus 
Catostomus  commersoni 
Culaea  inconstans 
Ambloplites  rupestris 
Etheostoma  flabellare 
E.  nigrum 


Golden  shiner 
Emerald  shiner 
Common  shiner 
Blacknose  shiner 
Bluntnose  minnow 
Fathead  minnow 
Blacknose  dace 
Creek  chub 
White  sucker 
Brook  stickleback 
Rock  bass 
Fantail  darter 
Johnny  darter 


MIMICO  CREEK  (C) 


Couesius  plumbeus 
Notropis  cornutus 
N.  hudsonius 
Pimephales  notatus 
P.  promelas 

Rhinichthys  cataractae 
Semotilus  atromaculatus 
Catostomus  commersoni 
Culaea  inconstans 


Lake  chub 
Common  shiner 
Spottail  shiner 
Bluntnose  minnow 
Fathead  minnow 
Longnose  dace 
Creek  chub 
White  sucker 
Brook  stickleback 


HUMBER  RIVER  (C) 


Alosa  pseudoharengus 
Dorosoma  cepedianum 
Osmerus  mordax 
Clinostomus  elongatus 
Nocomis  micropogon 
Notropis  cornutus 
Pimephales  promelas 
Rhinichthys  atratulus 
R.  cataractae 
Semotilus  atromaculatus 
Catostomus  commersoni 
Hypentelium  nigricans 
Cottus  bairdi 
Morone  chrysops 
Etheostoma  caeruleum 
E.  flabellare 
E .  nigrum 

Notropis  atherinoides 
Gasterosteus  aculeatus 
Notropis  rubellus 


Alewife 

Gizzard  shad 

Rainbow  smelt 

Redside  dace 

River  chub 

Common  shiner 

Fathead  minnow 

Blacknose  dace 

Longnose  dace 

Creek  chub 

White  sucker 

Northern  hog  sucker 

Mottled  sculpin 

White  bass 

Rainbow  darter- 

Fantail  darter 

Johnny  darter 

Emerald  shiner 

Three  spine  stickleback 

Rosyface  shiner 


EAST  HUMBER  RIVER  (C) 


Lampetra  lamottei 
Clinostomus  elongatus 
Nocomis  micropogon 
Notropis  cornutus 
N.  rubellus 
Pimephales  notatus 
P.  promelas 
Rhinichthys  atratulus 
R.  cataractae 
Semotilus  atromaculatus 
Catostomus  commersoni 
Hypentelium  nigricans 
Cotus  bairdi 


American  brook  lamprey 
Redside  dace 
River  chub 
Common  shiner 
Rosyface  shiner 
Bluntnose  minnow 
Fathead  minnow 
Blacknose  dace 
Longnose  dace 
Creek  chub 
White  sucker 
Northern  hog  sucker 
Mottled  sculpin 


Etheostoma  caeruleum 

E.  flabellare 

E.  nigrum 

Nocomis  biguttatus 


Rainbow  darter 
Fantail  darter 
Johnny  darter 
Hornyhead  chub 


DON  RIVER  (C) 


Clinostomus  elongatus 
Notropis  cornutus 
Phoxinus  eos 
Pimephales  promelas 
Rhinichthys  atratulus 
R.  cataractae 
Semotilus  atromaculatus 
Catostomus  commersoni 
Etheostoma  nigrum 


Redside  dace 
Common  shiner 
Northern  redbelly  dace 
Fathead  minnow 
Blacknose  dace 
Longnose  dace 
Creek  chub 
White  sucker 
Johnny  darter 


HIGHLAND  CREEK  (L) 


Lampetra  lamottei 
Clinostomus  elongatus 
Cyprinus  carpio 
Notropis  cornutus 
N.  hudsonius 
N.  rubellus 
N.  spilopterus 
N.  stramineus 
Pimephales  notatus 
Rhinichthys  atratulus 
R.  cataractae 
Semotilus  atromaculatus 
Noturus  gyrinus 
Morone  americana 
Micropterus  salmoides 
Etheostoma  caeruleum 
E.  nigrum 


Northern  brook  lamprey 
Redside  dace 
Carp 

Common  shiner 
Spottail  shiner 
Rosyface  shiner 
Spotfin  shiner 
Sand  shiner 
Bluntnose  minnow 
Blacknose  dace 
Longnose  dace 
Creek  chub 
Tadpole  madtom 
White  perch 
Largemouth  bass 
Rainbow  darter 
Johnny  darter 


SYDENHAM  RIVER  (SW) 


Notropis  chrysocephalus 
N.  volucellus 
Hypentelium  nigricans 
Moxostoma  erythrurum 
M.  anisurum 
Cottus  bairdi 
Notropis  umbratilus 
Etheostoma  nigrum 
Percina  maculata 


Striped  shiner 
Mimic  shiner 
Northern  hog  sucker 
Golden  redhorse 
Silver  redhorse 
Mottled  sculpin 
Redfin  shiner 
Johnny  darter 
Blackside  darter 


Notropis  spilopterus 
Hiodon  tergisus 
Morone  chrysops 
Lepomis  cyanellus 
Minytrema  melanops 
Pomixis  nigromaculatus 
Percina  caprodes 
Aplodinotus  grunniens 
Pimephales  notatus 
Labidesthes  sicculus 
Pomoxis  annularis 


Spotfin  shiner 
Mooneye 
White  bass 
Green  sunfish 
Spotted  sucker 
Black  crappie 
Logperch 
Freshwater  drum 
Bluntnose  minnow 
Brook  silverside 
White  crappie 


DINGMAN  CREEK  (SW) 


Notropis  chrysocephalus 
Moxostoma  erythrurum  ? 
M.  macrolepidotum 


Striped  shiner 
Golden  redhorse 
Shorthead  redhorse 


BIG  OTTER  CREEK  (SW) 


Rhinichthys  atratulus 
Noturus  flavus 
Percina  maculata 
Notropis  rubellus 
N.  spilopterus 
Pimephales  notatus 
Etheostoma  microperca 
Ammocrypta  pellucida 
Ambloplites  rupestris 


Blacknose  dace 
Stonecat 

Blackside  darter 
Rosyface  shiner 
Spotfin  shiner 
Bluntnose  minnow 
Least  darter 
Eastern  sand  darter 
Rock  bass 


CATFISH  CREEK  (SW) 


Carassius  auratus 
Cyprinus  carpio 
Hybognathus  hankinsoni 
Notropis  cornutus 
Pimephales  notatus 
P.  promelas 
Rhinichthys  atratulus 
Semotilus  atromaculatus 
Catostomus  commersoni 
Hypentelium  nigricans 
Moxostoma  erythrurum 
Ambloplites  rupestris 
Etheostoma  nigrum 
Percina  maculata 
Notropis  spilopterus 
Ictalurus  natalis 


Goldfish 
Carp 

Brassy  minnow 
Common  shiner 
Bluntnose  minnow 
Fathead  minnow 
Blacknose  dace 
Creek  chub 
White  sucker 
Northern  hog  sucker 
Golden  redhorse 
Rock  bass 
Johnny  darter 
Blackside  darter 
Spotfin  shiner 
Yellow  bullhead 


Noturus  flavus 
Dorosoma  cepedianum 
Ictalurus  melas 
Moxostoma  valenciennesi 


Stonecat 

Gizzard  shad 
Black  bullhead 
Greater  redhorse 


SAUBLE  RIVER  (SW) 


*Oncorhynchus  tshawytscha 
♦Salmo  gairdneri 
*Salvelinus  fontinalis 
Esox  lucius 
Umbra  limi 
Nocomis  biguttatus 
N.  micropogon 
Notropis  cornutus 
N.  heterolepis 
N.  rubellus 
N.  spilopterus 
N.  umbratilis 
Phoxinus  eos 
Rhinichthys  atratulus 
R.  cataractae 
Semotilus  atromaculatus 
S.  margarita 
Catostomus  commersoni 
Moxostoma  valenciennesi 
Ictalurus  melas 
I.  nebulosus 
Noturus  flavus 
Fundulus  diaphanus 
Culaea  inconstans 
Cottus  bairdi 
Ambloplites  rupestris 
Lepomis  gibbosus 
L.  megalotis 
Micropterus  dolomieui 
M.  salmoides 
Etheostoma  caeruleum 
E.  microperca 
E.  nigrum 
Percina  maculata 
*Cottus  cognatus 
Etheostoma  exile 
*Oncorhynchus  kisutch 


Chinook  salmon 
Rainbow  trout 
Brook  trout 
Northern  pike 
Mudminnow 
Hornyhead  chub 
River  chub 
Common  shiner 
Blacknose  shiner 
Rosyface  shiner 
Spotfin  shiner 
Redfin  shiner 
Northern  redbelly  dace 
Blacknose  dace 
Longnose  dace 
Creek  chub 
Pearl  dace 
White  sucker 
Greater  redhorse 
Black  bullhead 
Brown  bullhead 
Stonecat 

Banded  killifish 
Brook  stickleback 
Mottled  sculpin 
Rock  bass 
Pumpkinseed 
Longear  sunfish 
Smallmouth  bass 
Largemouth  bass 
Rainbow  darter 
Least  darter 
Johnny  darter 
Blackside  darter 
Slimy  sculpin 
Iowa  darter 
Coho  salmon 


SAUGEEN  RIVER  (SW) 


Ichthyomyzon  fossor 
Dorosoma  cepedianum 
*Salmo  gairdneri 
*Salnio  trutta 
*Salvelinus  fontinalis 
Esox  lucius 
Esox  masquinongy 
Umbra  limi 

Clinostomus  elongatus 
Cyprinus  carpio 
Hybognathus  hankinsoni 
Nocomis  biguttatus 
N.  micropogon 
Notemigonus  crysoleucas 
Notropis  atherinoides 
N.  cornutus 
N.  heterodon 
N.  heterolepis 
N.  hudsonius 
N.  rubellus 
N.  spilopterus 
N.  umbratilus 
N.  volucellus 
Phoxinus  eos 
P.  neogaeus 
Pimephales  notatus 
P.  promelas 
Rhinichthys  atratulus 
R.  cataractae 
Semotilus  atromaculatus 
S.  margarita 
Catostomus  coTiunersoni 
Hypentelium  nigricans 
Moxostoma  erythrurum 
Ictalurus  natalis 
I.  nebulosus 
Noturus  flavus 
N.  gyrinus 
Fundulus  diaphanus 
Culaea  inconstans 
Cottus  bairdi 
*C.  cognatus 
Ambloplites  rupestris 
Lepomis  gibbosus 
L.  megalotis 
Micropterus  salmoides 
Etheostoma  caeruleum 
E.  exile 
E.  flabellare 
E.  microperca 
E.  nigrum 
Perca  flavescens 


Northern  brook  lamprey 
Gizzard  shad 
Rainbow  trout 
Brown  trout 
Brook  trout 
Northern  pike 
Muskel lunge 
Mudminnow 
Redside  dace 
Carp 

Brassy  minnow 
Hornyhead  chub 
River  chub 
Golden  shiner 
Emerald  shiner 
Common  shiner 
Blackchin  shiner 
Blacknose  shiner 
Spottail  shiner 
Rosyface  shiner 
Spotfin  shiner 
Redfin  shiner 
Mimic  shiner 
Northern  redbelly  dace 
Finescale  dace 
Bluntnose  minnow 
Fathead  minnow 
Blacknose  dace 
Longnose  dace 
Greek  chub 
Pearl  dace 
White  sucker 
Northern  hog  sucker 
Golden  redhorse 
Yellow  bullhead 
Brown  bullhead 
Stonecat 
Tadpole  madtom 
Banded  killifish 
Brook  stickleback 
Mottled  sculpin 
Slimy  sculpin 
Rock  bass 
Pumpkinseed 
Longear  sunfish 
Largemouth  bass 
Rainbow  darter 
Iowa  darter 
Fantail  darter 
Least  darter 
Johnny  darter 
Yellow  perch 


Percina  caprodes  Logperch 

P.  maculata  Blackside  darter 

Lepomis  macrochirus  Bluegill 

*Salvelinus  namaycush  Lake  trout 


APPENDIX  G 

AMMONIA  WATER  QUALITY  OBJECTIVES 

(i)  Criteria  Specified  By  Other  Agencies 
(ii)  CCC  and  CMC  Ammonia  Concentrations 
for  Rivers  in  Ontario 

(iii)  Exceedences  of  CCC  and  CMC  Criteria 
for  Rivers  in  Ontario 


APPENDIX  G 
WATER  QUALITY  DATA 

Water  quality  data  for  the  selected  rivers  was  obtained  from  the 
Provincial  Water  Quality  Monitoring  Network  (PWQMN).  Ammonia  con- 
centrations were  converted  to  un-ionized  ammonia  by  the  formula  of 
Emerson  et  al  (1975)  indicated  earlier.  The  amount  of  un-ionized 
ammonia  present  in  surface  waters  is  dependent  on  pH  and  tempera- 
ture of  the  water  sample.  Laboratory  pH  was  used  in  the  formula 
only  when  field  pH  was  not  present.  Although  field  pH  was  signif- 
icantly lower  than  laboratory  pH  (p  <0.5),  un-ionized  ammonia  cal- 
culated using  field  pH  was  not  significantly  different  from  the 
ammonia  calculated  using  laboratory  pH  (p  >0.5). 

Mean  un-1on1zed  ammonia  concentrations  for  the  rivers  ranged  from 
0.002  to  0.0135  mg/L.  The  variability  of  un-ionized  ammonia  in 
the  rivers  was  greater  than  the  variability  between  rivers  (F 
test,  p  <0.5)  suggesting  that  within  a  water  body  un-ionized 
ammonia  concentrations  can  fluctuate  widely.  Regionally,  of  the 
stations  used  in  the  study,  rivers  in  Central  Ontario  had  higher 
ammonia  concentrations.  The  water  quality  stations  with  the  high- 
est concentrations  were  situated  downstream  of  municipal  sewage 
treatment  plants.  High  un-ionized  ammonia  levels  occurred  in  the 
Don  River,  Grindstone  Creek  and  the  Holland  River. 

The  effect  of  ammonia  can  be  significant  on  the  quality  and  abun- 
dance of  aquatic  life.  However,  it  is  a  difficult  parameter  to 
accurately  measure  because  of  its  dependence  on  ambient  tempera- 
ture and  pH  conditions.  Unfortunately,  the  period  of  record  of 
reliable  water  quality  data  was  found  to  be  short,  and  for  some 
stations  inadequate,  to  establish  reliable  estimates  of  U.S.  EPA 
CCC  and  CMC  concentrations.  Should  additional  research  be  under- 
taken in  this  area  in  the  future,  lengthier  data  bases  will  be 
required  to  establish  firm  estimates  of  these  parameters,  particu- 
larly if  the  pollutant  being  used  is  ammonia.  A  lengthier  data 


base  will  also  be  required  for  establishing  reliable  background 
concentrations  for  performing  wasteload  allocation  calculations. 

The  results  of  the  investigation  of  design  low  flows  and  pollutant 
concentrations  indicate  that  current  MOE  design  standards  (7Q20 
and  the  "Blue  Book"  objectives  for  ammonia  concentration  of  0.02 
mg/L)  are  equivalent  to,  or  exceed  the  low  flow  and  pollutant  con- 
centration requirements  defined  by  the  U.S.  EPA's  biological 
methodologies. 


Comparison  of  existing  ammonia  water  quality  criteria 
in  different  agencies. 


Agency 


Conditions 


Ammonia  Criterion 
(mg/L) 


MOE  (1984) 
Manitoba  (1983) 
IJC  (1986) 
IJC  (1986)^ 


CCREM  (1987) 


US  EPA  (1985) 


US  EPA  (1985) 


EIFAC  (1980) 


unionized  ammonia 

un-ionized  ammonia 

un-ionized  ammonia 

un-ionized  ammonia, 
for  limited  use 
(<96  hr)  zones  which 
overlap  with  routes  of 
passage. 

total  ammonia,  4  day 
average 

unionized  ammonia,  one 
hour  average  not  to  be 
exceeded  more  often 
than  once  every  3  yrs 
on  average 


un-ionized  ammonia, 
4  day  average  not 
to  be  exceeded  more 
often  than  once  every 
3  yrs  on  average 


un-ionized  ammonia 


0.02 
0.02 
0.03 
varies  with  pH 


varies  with  pH, 
and  temperature 

varies  with  pH, 
temperature  and 
presence  of 
sensitive  cold- 
water  fish 
species 

varies  with  pH, 
temperature  and 
presence  of 
sensitive  cold- 
water  fish 
species 

0.025 


1.   from  formula:   NH3(mg/L)  =  0.3  x 


0.66 


1+10 


(1.03(7.32-pH)) 


2.  from  formula:   NH3(mg/L)  =  0 .  80/FT/FPH/RATIO 

iNHj  in  NH^  =       I 

^^^Q(pka-p«) 

(for  further  definitions  see  Table  ?) 

3.  from  formula:   NH3(mg/L)  =  0 . 52/FT/FPH/2 

(for  further  definitions  see  Table  ?) 


us  EPA  National  Ammonia  Criteria  Formula  (US  EPA  1985) 

CMC  =   the  one-hour  average  concentration  of  un-ionized  ammonia 
(mg/L  NH3)  not  to  be  exceeded,  more  than  once  every  three 
years  on  the  average. 

=   0.52/FT/FPH/Z 
where; 

0.03(20-TCAP) 


FT   =   10 
=   10 


0.03(20-T) 


FPH  = 


=  1  +  lo'-'-P" 


;  TCAP  <  T  <  30 
;  0  <  T  <  TCAP 

;  8  <  pH  <  9 
;  6.5  <  pH  <  8 


1.25 


TCAP  =  2  0°C;  salmonids  or  other  sensitive  cold=water  fish 
species  present. 

=  25*'C;  salmonids  or  other  sensitive  cold-water  fish  species 
absent. 

CCC  =  the  4-day  average  concentration  of  un-ionized  ammonia 
(mg/L  NH3)  not  to  be  exceeded,  more  than  once  every  three 
years  on  the  average. 

=   0.80/FT/FPH/RATIO 


where : 


FT   = 


10 
10 


0.03(20-TCAP) 
0.03(20-T) 


TCAP  <  T  <  30 
0  <  T  <  TCAP 


RATIO  = 


TCAP   = 


16 

24  X  lO^'^'P" 


1  +  10 


7,4- pH 


;  7.7  <  pH  <  9 
;  6.5  <  pH  <  7.7 


15"'C;  salmonids  or  other  sensitive  cold-water  fish 
species  present. 

20''C;  salmonids  or  other  sensitive  cold-water  fish 
species  absent. 


Svunmary  of  Calculated  Unionized  Ammonia  USEPA  Criteria 
for  selected  Ontario  Rivers 


River  Region  CCC  CMC 

(mg/L)  (mg/L) 


Lynde  Creek  C  0.024  0.144 

Oshawa  Creek  C  0.024  0.142 

Wilmot  Creek  C  0.024  0.137 

Shelter  Valley  C  0.025  0.141 
Brook 

Grindstone  Creek  WC/C  0.032  0.185 

Nith  River  WC  0.030  0.164 

Coldwater  River  C  0.021  0.12  5 

Holland  River  C  0.027  0.152 

Beaverton  River  C  0.026  0.151 

Twenty  Mile  Creek  WC  0.029  0.160 

Etobicoke  Creek  C  0.030  0.160 

Mimico  Creek  C  0.027  0.166 

Humber  River  C  0.022  0.119 

East  Humber  River  C  0.023  0.129 

Don  River  C  0.024  0.132 
(Lakeshore  Rd.) 

Don  River  C  0.022  0.121 
(Bayview  Exit) 

Highland  Creek  C  0.025  0,135 

Sydenham  River  SW  0.025  0.146 

Dingman  Creek  SW  0.023  0.122 

Big  Otter  Creek  SW  0.029  0.150 

Catfish  Creek  SW  0.043  0.254 

Sable  River  SW  0.025  0.151 

Saugeen  River  SW  0.027  0.164 


Exeedances  of  Unionized  Anmonia  Criteria  for  selected  Ontario  Rivers, 
(n  3  nurber  of  days  where  unionized  anmonia  data  available) 


Region 


Time  Period 


Criteria   Exceedances 
IJC     CCREH  USEPA 


Lynde  Creek 

C 

83/09/09 

-  86/09/09 

34 

0 

0 

0 

0 

Oshawa  Creek 

C 

83/09/09 

-  86/11/17 

36 

1 

0 

1 

0 

Uilmot  Creek 

C 

83/09/09 

-  86/11/17 

33 

0 

0 

0 

0 

Shelter  Valley 
Brook 

C 

83/09/08 

-  86/11/24 

32 

0 

0 

0 

0 

Grindstone  Creek 

WC/C 

83/09/27 

-  86/11/25 

32 

3 

3 

3 

2 

Nith  River 

uc 

83/09/28 

•  86/11/12 

35 

0 

0 

0 

0 

Coldwater  River 

c 

83/09/28 

•  86/10/23 

33 

0 

0 

0 

0 

Holland  River 

c 

83/09/19 

•  86/11/18 

35 

11 

8 

9 

7 

Beaverton  River 

c 

83/09/27 

■  86/10/22 

34 

0 

0 

0 

0 

Twenty  Mile  Creek 

wc 

83/09/08 

•  86/11/25 

38 

0 

0 

0 

0 

Etobicoke  Creek 

c 

83/09/14 

•  86/11/26 

36 

2 

1 

1 

0 

Mi mi CO  Creek 

c 

83/09/07 

86/11/18 

35 

0 

0 

0 

0 

Hi/rber  River 

c 

83/09/07 

86/11/18 

36 

0 

0 

0 

0 

East  Huitoer  River 

c 

83/09/07 

86/11/18 

34 

0 

0 

0 

0 

Don  River 

(Lakeshore  Rd.) 

c 

83/09/14 

86/11/26 

45 

21 

10 

17 

15 

Don  River 

(Bayview  Exit) 

c 

83/09/07 

86/11/27 

42 

13 

7 

10 

8 

Highland  Creek 

c 

83/09/29 

86/11/19 

35 

0 

0 

0 

0 

Sydenham  River 

SW 

83/09/13 
70/03/31 

84/09/04 
83/08/09 

9 
78 

0 
0 

0 
0 

0 
0 

0 
0 

Dingman  Creek 

su 

83/09/21 
77/03/23 

84/09/19 
83/08/17 

13 
46 

0 
0 

0 
0 

0 
0 

0 
0 

Big  Otter  Creek 

su 

83/09/29 
78/03/15 

84/07/19 
83/08/09 

9 

49 

0 
0 

0 
0 

0 
0 

0 
0 

Catfish  Creek 

su 

83/09/19 
76/05/25 

84/08/28 
83/08/24 

5 
28 

0 
0 

0 
0 

0 
0 

0 
0 

Sable  River 

SW 

83/10/03 
70/02/04 

84/09/26 
83/08/23 

12 
128 

0 
0 

0 
0 

0 
0 

0 

0 

Saugeen  River 

su 

83/09/19 
65/11/25 

84/09/17 
83/08/29 

11 
48 

0 
0 

0 
0 

0 
0 

0 
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APPENDIX  H 

EVALUATION  OF 
LOW  FLOW  METHODOLOGIES 

(i)  Hydrologically  Defined  Low  Flows 
(ii)  Biologically  Defined  Low  Flows 
(iii)  Application  of  Evaluation  Criteria 
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APPENDIX  I 

AMMONIA  TOXICITY  RESEARCH  AND  ITS  RELATION  TO  THE  DEFINITION  OF  THE 

BIOLOGICALLY-BASED  DESIGN  LOW  FLOW 

I.l    Literature  Review  and  Review  of  Water  Quality  Criteria 

a)  Criteria  with  Other  Agencies 

The  current  MOE  (1984)  and  the  Province  of  Manitoba  (1983)  water 
quality  objective  for  un-ionized  ammonia  is  0.02  mg/1  for  the 
protection  of  aquatic  life  (refer  to  Appendix  G).  This  criteria 
was  based  on  the  lowest  acute  lethal  concentration  for  rainbow 
trout  (Salmo  qairdneri )  and  Atlantic  salmon  (Salmo  salar)  (a  mean 
concentration  of  0.4  mg/1  multiplied  by  a  0.05  safety  factor). 

The  International  Joint  Commission  (1986)  has  recently  revised  its 
criterion  from  0.02  mg/1  to  0.03  mg/1  un-ionized  ammonia.  A 
review  of  lethal  and  sublethal  effects  of  ammonia  on  biota  found 
that  the  most  sensitive  response  was  for  growth  of  salmonids.  The 
highest  concentration  for  which  there  was  no  effect  on  salmonid 
growth  was  0.03  mg/1  un-ionized  ammonia.  Laboratory  studies  also 
revealed  that  tolerance  to  ammonia  by  fish  was  related  to  duration 
of  exposure.  Brown  et  al  (1969)  and  Thurston  et  al  (1981a)  found 
that  fish  could  tolerate  potentially  lethal  ammonia  concentrations 
for  short  periods  of  time  (<96  hours)  with  little  or  no  sublethal 
effects.  With  this  in  mind,  the  IJC  (1986)  recommended  higher 
ammonia  criteria  for  areas  where  limited  use  zones  mix  with  zones 
of  passage.  In  these  areas  ammonia  criteria  would  be  determined 
by  the  pH  related  equation  developed  by  Emerson  (1982). 

The  U.S.  EPA  armonia  criteria  varies  with  pH,  temperature  and 
sensitivity  of  the  fish  species.  The  U.S.  EPA  uses  two  different 
formulae  to  calculate  1)  a  short-term  concentraion  (1  hr  average) 
and  2)  a  long-term  concentration  (4  day  average)  (see  Appendix 
G). 


G).  The  1  hour  average  is  derived  from  acute  tests  and  the  4  day 
average  is  derived  from  chronic  tests  or  where  such  data  is  lack- 
ing from  predicted  chronic  effect  concentrations  based  on  expected 
chronicracute  ratios. 

The  recent  Environment  Canada  ammonia  guidelines  (CCREM,  1987) 
have  adopted  the  U.S.  EPA  (1985)  4  day  un-ionized  ammonia  average 
criteria  since  the  U.S.  EPA  values  were  derived  from  the  largest 
and  most  up-to-date  review.  In  addition,  the  criteria  takes  into 
consideration  the  effects  of  temperature  and  pH  on  the  toxicity  of 
ammonia  to  aquatic  life. 

The  European  ammonia  criteria  (EIFAC,  Alabaster  and  Lloyd,  1982) 
is  set  at  0.025  mg/L  un-ionized  ammonia.  The  criteria  should  not 
be  applied  to  temperatures  below  5'C  or  to  pH  values  above  8.0. 
The  rationale  for  this  criterion  was  the  effect  of  un-ionized 
ammonia  on  salmonids.  Adverse  effects  to  salmonids  caused  by  pro- 
longed exposure  were  present  at  concentrations  greater  than  0.025 
mg/L.  Although  fish  species  differed  in  their  tolerance  to  ammon- 
1a,  EIFAC  did  not  find  the  difference  great  enough  to  justify 
different  criteria  for  different  species. 

b)  Ammonia  Sources 

Ammonia  is  present  In  most  surface  waters,  groundwater  and  waste- 
waters as  a  normal  product  of  organic  decomposition.  Bacterial 
oxidation  converts  ammonia  Into  nitrates  and  nitrites.  Under 
anaerobic  conditions  nitrate  may  be  reduced  to  ammonia  naturally 
(ALPHA,  1975).  Another  natural  source  is  the  excretion  of  ammonia 
by  biota. 

Anthropogenic  sources  such  as  sewage  effluents,  industrial  efflu- 
ents and  agricultural  fertilizer  applications  are  the  major  con- 
tributors of  ammonia  into  surface  waters  (Alabaster  and  Lloyd, 
1980).  Contributions  through  precipitation  and  gas  exchange  with 
the  atmosphere  also  occur  (IJC,  1986). 


In  freshwaters  an  equilibrium  exists  between  ammonia  gas,  ammonium 
ion  (NH4)  and  un-ionized  ammonia  (NH3).  The  equilibrium  is 
expressed  as: 

NH3  +  H2O    NH3  *  H2O  (aq) 

NH4  +  (aq)  +  OH-  (aq) 

The  equilibrium  between  the  ammonium  ion  and  un-ionized  ammonia 
depends  upon  the  hydrogen  ion  concentration.  As  the  pH  increases 
(hydrogen  ion  concentration  decreases),  the  equilibrium  shifts  in 
favour  of  the  un-ionized  ammonia  such  that  a  greater  percentage  of 
total  ammonia  (NH3  +  NH4)  is  present  as  un-ionized  ammonia  (Laws, 
1981).  Also,  as  temperature  Increases  the  equilibrium  between 
un-ionized  and  ionized  ammonia  shifts  towards  un-ionized  ammonia. 
This  combined  influence  has  been  described  by  Emerson  et  al 
(1975).  Therefore,  increases  in  solution  pH  and/or  temperature 
tend  to  increase  aquatic  toxicity. 

The  toxicity  of  aqueous  ammonia  is  mainly  due  to  the  un-ionized 
ammonia  concentration. 

c)  Summary  of  Acute  and  Chronic  Toxicity 

The  U.S.  EPA  (1985)  found  that  un-1on1zed  ammonia  was  acutely 
toxic  to  freshwater  organisms  at  concentrations  ranging  from  0.53 
to  22.8  mg/L  for  19  invertebrate  species  representing  14  families 
and  16  genera  and  from  0.083  to  4.60  mg/L  for  29  fish  species  from 
9  families  and  18  genera  (see  Appendix  E).  Salmonlds  were  slight- 
ly more  sensitive  to  un-ionized  ammonia  than  non-salmonids.  The 
lowest  96  hr  LCSO's  for  salmonids  was  0.083  mg/L  compared  to  0.143 
mg/L  for  non-salmonids  (Rice  and  Bailey,  1980;  Thurston  and  Meyn, 
1984).  Lower  LC50  values  indicate  greater  toxicity. 

The  size  of  fish  and  the  length  of  exposure  were  Important  factors 
in  determining  water  quality  criteria.  The  majority  of  reported 


LCSO's  are  for  96  hours.  For  longer  exposures  the  lethal  thres- 
hold values  declined  (Thurston  et  al ,  1978)  resulting  in  a  lower 
critical  ammonia  value.  Larger  rainbow  trout  (1-2.5  kg)  are  twice 
as  sensitive  to  un-ionized  ammonia  as  smaller  trout  (1-10  g) 
(Thurston  and  Russo,  1983). 

In  the  field,  fish  mortality  has  been  attributed  to  increased 
ammonia  levels  following  industrial  effluent  discharge  (Tarazona 
et  al,  1987).  In  Canada  studies  involving  caged  fish  placed  in 
waters  receiving  sewage  treatment  effluents  reported  fish  mortali- 
ties (Servizi  and  Martens,  1974;  Flood  et  al ,  1984;  Fava  et  al , 
1985).  In  studies  of  non-chlorinated  sewage  treatment  plant  eff- 
luents in  Canada  ammonia  was  the  most  commonly  dted  cause  of 
increased  lethality  (Fava  et  al ,  1985).  It  should  be  noted,  how- 
ever, that  un-ionized  ammonia  was  rarely  calculated  as  a  result  of 
lacking  Information  on  total  ammonia,  pH  or  temperature. 

Among  freshwater  biota,  fish  are  generally  more  sensitive  than 
invertebrates,  with  the  possible  exception  of  the  fingernail 
clam.  There  does  not  appear  to  be  any  great  difference  in  sensi- 
tivities between  fish  species.  The  mountain  whitefish  (Prosopium 
wil 1 iamsoni ) .  golden  shiner  (Notemigonus  crysoleucas) ,  orange- 
throat  darter  (Etheostoma  spectabile).  walleye  (Stizostedion 
vitreum)  and  rainbow  trout  were  equally  sensitive  species.  The 
lowest  96  hr  LC50  for  rainbow  trout  was  0.16  mg/L  un-ionized 
ammonia. 

Signs  of  acute  toxicity  to  fish  Included  loss  of  equilibrium, 
hyperexcltabil ity,  increased  breathing,  cardiac  output  and  oxygen 
uptake  resulting  in  convulsions,  coma  and  finally  death  (U.S.  EPA, 
1985). 

The  U.S.  EPA  (1985)  found  that  chronic  toxicity  occurred  at 
un-ionized  ammonia  concentrations  as  low  as  0.304  mg/L  for  two 
freshwater  invertebrate  species  (Daphnia:  refs)  and  as  low  as 


0.0017  mg/L  for  nine  freshwater  fish  species  from  5  families  and  7 
genera  (Rice  and  Bailey,  1980)  (Appendix  E). 

Fish  eggs  appear  to  be  less  sensitive  to  un-ionized  ammonia  than 
juvenile  and  adults  (Rice  and  Stokes,  1975).  There  was  no  growth 
impairment  in  salmonids  for  concentrations  ranging  from  0.017  to 
0.07  mg/L  (Smith,  1972;  Robinson-Wilson  and  Seim,  1975;  Thurston 
et  al,  1984). 

Under  field  conditions,  Carline  et  al ,  (1987)  found  exceedances  of 
the  U.S.  EPA  ammonia  criteria  of  0.016  mg/L  (0.004  to  0.055  mg/L 
un-ionized  ammonia)  resulted  in  gill  damage  which  could  be  direct- 
ly related  to  effluent  ammonia  concentrations. 

Among  freshwater  biota,  again  fish  appear  to  be  more  sensitive 
than  invertebrates.  There  is  no  clear  trend  in  chronic  toxicity 
between  different  fish  species  (U.S.  EPA,  1985). 

At  low  concentrations  ammonia  may  affect  hatching  success  (Burk- 
halter  and  Kaya,  1977),  growth  rate  (Smith,  1972),  and  morpholog- 
ical development  of  fish  (Smart,  1976);  Larmoyeux  and  Piper, 
1973).  Pathological  changes  may  occur  in  gill,  liver  and  kidney 
tissue  (Thurston  et  al ,  1984;  Burrows,  1964).  Sublethal  levels  of 
ammonia  can  also  increase  susceptibility  to  bacterial  infection, 
respiratory  and  cardiac  hyperactivity  (IJC,  1986)  and  lower  energy 
output  (Westlake  et  al ,  1983). 

d)  Environmental  Factors  Affecting  Toxicity 

Toxicity  of  un-ionized  ammonia  may  be  affected  by  shifts  in  the 
aqueous  ammonia  equilibrium  as  a  result  of  changes  in  pH  and/or 
temperature.  Toxicity  may  also  be  enhanced  or  ameliorated  by 
environmental  factors  such  as  dissolved  oxygen,  exposure  to  ammon- 
ia, carbon  dioxide  concentration  and  the  presence  of  other  toxi- 
cants. 


i)  pH  and  Temperature 

The  toxicity  of  ammonia  is  directly  related  to  the  concentration 
of  un-ionized  ammonia  present  in  the  water.  This  relationship  is 
dependent  upon  pH  and  may  be  expressed  by  the  following  formulae; 
(Emerson  et  al ,  1975) 


1 


1  +  lO^P*^^  "P") 

where  pKa  =  0.09  +  2730/  (273  +  T) 
and   T  =  "C 

Therefore,  as  pH  increases  the  acute  toxicity  of  un-ionized  ammon- 
ia Increases.  This  relationship  also  holds  for  chronic  toxicity 
although  the  amount  of  data  available  is  considerably  less  than 
for  acute  toxicity. 

Herbert  (1962)  and  Woker  (1949)  found  that  survival  of  fish 
decreased  with  increases  in  temperature  at  constant  levels  of  un- 
ionized ammonia  concentrations  although  the  threshold  LCSO's 
remained  constant.  Below  lO'C  Brown  (1968)  found  the  threshold 
LC50  decreased  for  rainbow  trout.  If  ammonia  concentrations  rise 
in  the  winter  as  a  result  of  either  low  flow  or  insufficient  nit- 
rification of  sewage  treated  effluents,  the  increased  toxicity 
during  lower  temperatures  becomes  important. 

ii)  Dissolved  Solids 

Messer  et  al  (1984)  found  that  un-ionized  ammonia  may  be  over- 
estimated by  as  much  as  10-207.  in  waters  with  high  levels  of  diss- 
olved solids  (e.g.  600-1600  mg/L).  As  total  dissolved  solids  con- 
centration increases  percent  un-ionized  ammonia  decreases.  In 
most  freshwaters  the  effect  of  varying  ionic  strength  is  neglig- 
ible. For  the  Great  Lakes  the  effect  of  dissolved  solids  is  less 


than  that  of  changing  the  temperature  by  I'C  (Whitfield,  1978). 

iii)  Dissolved  Oxygen 

The  acute  toxicity  of  ammonia  to  fish  increases  as  dissolved  oxy- 
gen concentrations  decrease.  Menkens  and  Downing  (1957),  Lloyd 
(1961),  Alabaster  et  al  (1979)  and  Thurston  et  al  (1981b)  found 
varying  increased  sensitivities  to  ammonia  when  dissolved  oxygen 
was  reduced.  No  quantitative  relationship  between  dissolved  oxy- 
gen saturation  and  un-ionized  ammonia  concentrations  has  been 
developed. 

iv)  Carbon  Dioxide  Concentration 

Increasing  the  level  of  free  carbon  dioxide  in  water  reduces  the 
pH  value  of  the  water  thereby  increasing  toxicity.  More  impor- 
tantly, Lloyd  and  Herbert  (1960)  suggested  that  it  was  the  differ- 
ence in  pH  values  across  the  gill  surface  that  determined  toxicity 
to  ammonia.  For  those  species  of  fish  with  high  respiratory 
efficiency  (e.g.  salmonids  excrete  relatively  large  amounts  of 
carbon  dioxide),  un-ionized  ammonia  may  be  more  toxic  than  for 
species  with  low  respiratory  efficiency. 

v)  Previous  Exposure 

Previous  acclimation  of  fish  to  sublethal  ammonia  concentrations 
enables  the  f1sh  to  withstand  potentially  lethal  concentrations. 
Fish  are  also  more  tolerant  of  constant  concentrations  of  ammonia 
than  fluctuating  concentrations.  There  is  evidence  to  suggest 
that  fish  will  actively  avoid  lethal  concentrations  of  ammonia 
where  possible  (Westlake  et  al ,  1983;  Jones,  1948;  Summerfelt  and 
Lewis,  1967)  although  there  is  no  evidence  to  suggest  that  fish 
will  avoid  sublethal  ammonia  concentrations. 


1.2    Case  Study 


Stations  were  chosen  which  had  adequate  flow  record  length  of  app- 
roximately 20  years  and  adequate  water  quality  and  biota  informa- 
tion. The  stations  which  were  analysed  were  those  where  regular 
effluent  releases  are  permitted.  Effluent  toxicity  may  result 
from  ammonia,  chlorine,  hydrogen  sulfide  and  metals,  as  well  as 
other  toxic  components  such  as  surfactants  and  organics.  Possible 
toxicants  for  which  there  was  sufficient  water  quality  data 
Included  ammonia  and  select  metals  (cadmium,  lead,  zinc). 

The  parameter  with  the  most  extensive  water  quality  data  base  was 
ammonia.  Possible  sources  of  error  with  the  water  quality  data 
base  included  total  ammonia  anomalies  prior  to  August,  1983  as  a 
result  of  lengthy  delays  in  sample  analysis  encountered  during 
M.O.E.'s  laboratory  modernization  in  the  early  1980' s  (G.  Bowen, 
pers.  comm.).  In  addition,  the  sampling  schedule  was  not  consist- 
ent within  or  between  rivers.  Generally  water  samples  were  taken 
a  maximum  of  once  a  month.  Data  to  determine  variability  within  a 
day  or  month  was  lacking.  Very  often  the  un-ionized  ammonia  could 
not  be  calculated  as  either  total  ammonia  concentrations,  field  pH 
or  field  temperature  was  missing. 

If  another  parameter  was  to  be  considered,  the  frequency  and  dura- 
tion would  again  have  to  be  determined  on  toxicological  and  eco- 
logical data  regarding  that  parameter.  When  more  than  one  para- 
meter is  considered,  whole  effluent  toxicity  tests  are  administer- 
ed to  determine  the  site  specific  frequencies  and  duration.  The 
advantages  to  chemical  specific  frequencies  and  durations  include 
designing  treatment  systems  to  meet  specific  chemical  require- 
ments, potential  modelling  of  the  fate  of  the  chemical  and  a 
requirement  for  only  chemical  testing  rather  than  toxicity  testing 
which  can  be  very  expensive.  The  disadvantages  are  that  toxicants 
in  wastewaters  may  not  be  characterized  fully,  the  toxic  component 
may  not  be  known  and  the  behaviour  and  combined  toxic  effect  of  a 
combination  of  chemicals  is  difficult  to  predict. 


Past  water  quality  data  and  the  presence  or  absence  of  sensitive 
fish  species  were  considered  for  the  selected  Ontario  rivers  in 
determining  the  frequency  of  CCC  and  CMC  (summarized  in  Appendix 
G).  Un-ionized  ammonia  concentrations  were  calculated  from  recent 
water  quality  data  (post-August  1983).  Where  such  data  was 
insufficient  (n  <30),  the  whole  water  quality  data  base  was  exam- 
ined. Based  on  ammonia  criteria  set  out  by  MOE  and  U.S.  EPA 
(summarized  in  Appendix  G)  most  of  the  rivers  were  determined  to 
be  unstressed.  Numerous  exceedances  of  ammonia  criteria  had 
occurred  in  Grindstone  Creek,  the  Don  River  and  the  Holland  River 
(see  table  in  Appendix  G).  Of  the  three  rivers,  the  Don  River 
appeared  to  have  exceedances  of  ammonia  criteria  occurring  for 
extended  periods  of  time.  The  three  rivers  though  were  all 
classified  as  having  present  warm  water  fish  species  which  are  not 
as  sensitive  to  ammonia  concentrations  as  cold  water  species. 
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APPENDIX  J 

APPLICATION  OF  WASTE  LOAD  ALLOCATION  USING  MOE  AND  U.S.  EPA  METHODOLOGIES 

FOR  SELECTED  RIVERS  IN  ONTARIO 

J.l   General 

At  the  present  time,  the  M.O.E.  uses  steady  state  modelling  in  its 
calculation  of  WLA's  for  pollutants.  As  such,  the  assumption  is 
made  that  the  discharge  of  pollutants  is  completely  mixed  with  the 
receiving  water.  Before  effluent  concentration  and  flow  rate  are 
calculated  for  a  particular  wasteload  allocation,  the  background 
ammonia  concentrations  must  be  known  in  order  not  to  exceed  pro- 
vincial criteria  with  the  addition  of  effluent  concentrations. 
Varying  background  concentrations  will  result  in  either  having  to 
constantly  determine  the  acceptable  effluent  concentration  and 
flow  rate  or  having  to  take  the  chance  at  exceeding  the  criteria. 
Alternatively,  if  a  relationship  exists  between  flow  and  back- 
ground concentration,  this  relationship  can  be  utilized  in  proper 
determination  of  wasteload  allocation. 

A  preliminary  investigation  into  establishing  a  relationship 
between  streamflow  and  background  ammonia  concentrations  was 
undertaken.  Plots  of  un-ionized  ammonia  concentrations  versus  flow 
were  created  for  each  of  the  stations.  From  the  plots  it  was  evi- 
dent that  the  inverse  relationship  to  be  expected  between  flows 
and  concentration  could  be  recognized  for  most  rural  watersheds. 

The  entire  water  quality  and  hydrometric  data  bases  were  combin- 
ed. Rivers  which  had  ammonia  concentrations  which  exceeded  curr- 
ent M.O.E.  water  quality  objectives  were  eliminated  from  further 
analysis.  The  combined  data  base  was  then  sorted  into  groups  with 
a  range  of  0.5  m^/s  for  flows  between  0-5  m^/s,  and  at  larger 
increments  for  the  entire  data  base.  The  mean  concentrations  were 
then  determined  for  the  grouped  data,  and  plotted  against  the  mean 
of  the  grouped  flow  range  (Figures  J. la  and  J. lb).  From  these 
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plots  it  appears  that  it  may  be  possible  to  establish  a  relation- 
ship between  background  ammonia  concentrations  and  flows  under  5 
m^/s  (in  the  range  which  is  critical  for  most  wasteload  allocation 
calculations).  The  data  base,  however,  was  limited  and  analysis 
would  have  to  be  carried  out  on  a  larger  data  base  before  a  firm 
and  reliable  relationship  could  be  established.  For  example,  the 
upper  95%  confidence  bounds  of  mean  concentrations  for  the  grouped 
data  (presented  in  Figure  J. 2a  and  J. 2b)  represent  values  approxi- 
mately four  times  the  mean  concentrations.  Using  a  larger  data 
base  may  significantly  reduce  the  variance  of  the  ammonia  concen- 
trations and  result  in  smaller  bounds  for  confidence  limits.  It 
may  also  be  more  reasonable  to  identify  a  quantity  versus  quality 
relationship  on  a  more  conservative  and  non-temperature,  non-pH 
dependent  pollutant. 

Another  consideration  which  should  be  made  concerning  wasteload 
allocation  Is  the  dally  variation  inr  receiving  water  and  effluent 
flow  combined  with  dally  variation  in  effluent  toxicity.  Such 
characteristics  can  be  considered  by  application  of  a  probabilis- 
tic dynamic  model.  It  is  highly  unreasonable  to  expect  the  worst 
case  conditions,  which  are  inherent  in  the  steady  state  models  for 
reasons  of  conservation,  to  occur  with  any  great  frequency  or  dur- 
ation. Incorporating  the  appropriate  probability  distributions  in 
place  of  the  worst  case  conditions  (while  adequately  considering 
the  risk)  will  result  in  a  more  cost-effective  and  rational  waste- 
load  allocation. 

J. 2.   Case  Study  for  Comparing  Permissible  Pollutant  Loading  Rates  for 
Waste  Load  Allocation 

The  U.S.  EPA  recommends  the  use  of  a  combination  of  criteria  which 
define  1)  the  criterion  continuous  and  criterion  maximum  pollutant 
concentrations,  and  2)  the  biologically  based  design  low  flows  for 
wasteload  allocation.  The  MOE  currently  advocates  the  use  of  the 
7Q20  low  flow  criteria  and  the  "Blue  Book"  pollutant  loading 
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objectives  for  waste  load  allocation.  To  evaluate  the  stringency 
of  the  MOE's  water  quality  management  standards,  the  net  loading 
rates  for  the  two  techniques  were  compared. 

Table  J.l  summarizes  the  calculation  of  net  pollutant  loading 
rates  and  differences  for  22  stations.  The  U.S.  EPA  Criterion 
Continuous  Concentrations  are  averages  for  each  station  based  on 
available  temperature  and  pH  measurements.  The  results  indicate 
that,  on  a  watershed  basis,  the  current  MCE  standards  are  more 
stringent  than  the  biologically-based  U.S.  EPA  standards. 

The  results  of  the  investigation  concerning  pollutant  loading 
rates  indicate  that  under  current  MCE  design  standards,  wasteload 
allocation  requirements  are  on  average,  approximately  25%  more 
conservative  than  the  U.S.  EPA's  methodology  based  on  biological 
criteria.  For  21  of  the  22  stations  where  permissible  pollutant 
loading  rates  were  determined,  the  MCE  standards  were  more  conser- 
vative than  the  EPA's.  The  fact  that  one  of  the  stations,  under 
current  MCE  standards,  results  in  greater  permissible  loading 
rates  than  the  biological  methodology  would  permit  suggests  that 
it  may  be  prudent  to  extend  the  investigation  to  all  rivers  to 
identify  locations  which,  due  to  local  conditions,  may  unknowingly 
be  exposed  to  stress. 
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